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Miss Joan B. Procter, F.L.S., is Curator of Reptiles ; Mr. L. C. 
Bushby, F.E.S., is Curator of Insects; Dr. John Beattie, M.B., 
Ch.B., M.Sc., is Anatomist; Dr. H. H. Scott, M.D., F.R.C.P., 
D.P.H., Pathologist ; Prof. R. T. Leiper, F.R.S., with the assistance 
of a panel of experts, examines and reports on the Parasites ; 
Prof. G. H. Wooldridge, F.R.C.V.S., is Honorary Consulting 
Veterinary Surgeon ; and Dr. li. W. A. Salmond, O.B.E., Honorary 
Radiologist to the Society. Applications for anatomical or patho- 
logical material, or for facilities for work in the Prosectorium 
should be addressed to the Secretary. * 

TERMS FOR THE ADMISSION OF FELLOWS. 

Fellows pay an Admission Fee of £5, and an Annual Contri- 
bution of .£3, due on the 1st of January, and payable in advance, 
or a Composition of £ 45 in lieu thereof; the whole payment, 
including the Admission Fee, being £ 50 . 

No person can be deemed a Fellow until the Admission Fee 
and first Annual Subscription of ^£3 have been paid, or the 
annual payments have been compounded for. 

The usual Admission Fee of £5 is waived upon the election of 
the Wife or Husband of an existing Fellow. 

The First Annual Subscription of Fellows eleeted in November 
and December covers the following year. 
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PRIVILEGES OF FELLOWS, 

Fellows have Personal Admission to the Gardens upon signing 
their names in the book at the entrance gate, and may introduce 
Two Companions daily. 

The Wife or Husband of a Fellow can exercise these privileges 
in the absence of the Fellow, but this privilege cannot be extended 
to children of Fellows. 

Until further notice, Fellows will receive 40 undated Green 
Cards, available on any Sunday or week-day up to the end of 
February of the \ear lollowing the year of issue, and 20 White 
Cards available on any week-day up to the same date. Special 
children’s tickets are no longer issued, but the Greeu and White 
Cards are perforated, and each half is valid for a Child under twelve 
years of age. It is particularly requested that Fellows will siyn 
every ticket before it goes out of their possession. Unsigned tickets 
are not valid. 

Fellows are not allowed to pass in friends on their written 
order or on presentation of their visiting cards. 

Aquarium. — From January 1st. 1923, until further notice, 
Fellows have free personal admission to the Aquarium at all 
times when it is open. On Sundays, but not on week-days, they 
may introduce two visitors with them. These privileges are 
personal and cannot be transferred. For admission to the 
Aquarium of other friends whom they have admitted to the 
Gardens by Sunday tickets they may purchase from the Office 
books of 20 tickets for £1, or a smaller number at the same rate, 
each ticket admitting one adult or two children on Sundays or 
week-days. Fellows may also purchase a transferable Aquarium 
Ivory Ticket, for £10, valid for the whole duration of the 
Fellowship and admitting daily, on Sunday or week-days, two 
persons who have already gained admission to the Gardens. 

Fellows have the privilege of receiving the Society’s ordinary 
Publications issued during the year upon payment of the additional 
Subscription of One Guinea. This Subscription is due upon the 
1st of January, and must be paid before the day of the Anniversary 
Meeting, after which the privilege lapses. Fellows are likewise 
entitled to purchase these Publications at 20 per cent. Joss than 
the price charged to the public. A further reduction of 20 per 
cent, is also made upon all purchases of Publications issued prior 
to 1881, if above the value of Five Pounds. 

Fellows also have the privilege of subscribing to the Annual 
Volume of * The Zoological Record/ which gives a list of the Works 
and Publications relating to Zoology in each year, for the sum of 
Two Pounds Ten Shillings. Separate divisions of volumes 39 
onwards can also be supplied. Full particulars of these publica- 
tions can be had on application to the Sepretary. 
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Fellows may obtain a Transferable Ivory Ticket admitting 
two persons, available throughout the whole period of Fellowship, 
on payment of Ten Pounds in one sum. A second similar ticket 
may be obtained on payment of a further sum of Twenty Pounds. 

Any Fellow who intends to be absent from the United Kingdom 
during the space of at least one year, may, upon giving to the 
Secretary notice in writing , have his or her name placed upon the 
“ dormant list,” and will then he called upon to pay an annual 
subscription of £1 only during such absence, or in the event of 
returning to the United Kingdom before June 30th in a»} r year to 
pay the balance of the ordinary subscription. After three years a 
Dormant Fellow must make a further application to be retained on 
that list. 

Any Fellow, having paid all fees due to the Society, is at liberty 
to withdraw his or her name upon giving notice in writing to the 
Secretary. 

Ladies or Gentlemen wishing to become Fellows of the Society 
are requested to communicate with “The Secretary 

P. CHALMERS MITCHELL, 

Secretary. 

Regent’s Park, London. N.W. 8. 

December, 1926. 


MEETINGS 

OF THE 

ZOOLOGICAL SOCIETY OF LONDON 

FOR 

SCIENTIFIC BUSINESS. 


1927. 


Tuesday, February 8 and 22. 

— March 8 „ 22. 

S\ April 5 „ 26. 

May 10 „ 24. 

— — June 7 — 


The Chair witl be taken at Five o'clock precisely. 




ZOOLOGICAL SOCIETY OF LONDON. 


LIST OF PUBLICATIONS. 

The scientific publications of the Zoological Society of London 
are of two kinds — “ Proceedings/* published in an octavo 
form, and “ Transactions/’ in quarto. 

According to the present arrangements, the “ Proceedings” 
contain not only notices of all business transacted at the scien- 
tific meetings, but also all the papers read at such meetings 
and recommended to be published in the “ Proceedings ” by 
the Committee of Publication. A large number of coloured 
plates and engravings are issued in the volumes of the 

Proceedings,” to illustrate the new or otherwise remark- 
able species of animals described therein. Amongst such 
illustrations, figures of the new or rare species acquired in a 
living state for the Society’s Gardens are often given. 

The “Proceedings” for each year are issued in four parts, 
paged consecutively, during the months of March, June, 
September, and December. From January 1901 they have 
been issued as two half-yearly volumes, indexed separately. 

An “ Abstract of the Proceedings ” is published by the 
Society on the Tuesday following the date of the Scientific 
Meeting to which it refers. It is issued along with the “ Pro- 
ceedings,” free of extra charge, to all Fellows who subscribe to 
the Publications, but it may be obtained on the day of publi- 
cation at the price of Sixpence, or, if desired, sent post free 
for the sum of Six Shillings per annum, payable in advance. 

The “Transactions” contain such of the communications 
made to the Scientific Meetings of the Society as, on account of 
the nature of the plates required to illustrate them, are better 
adapted for publication in the quarto form. They are issued 
at irregular intervals. 

Fellows and Corresponding Members, upon payment of 
a Subscription of One Guinea before the day of the Anni- 
versary Meeting, are entitled to receive the Society’s 
Publications for the year. They are likewise entitled to 
purchase the Publications of the Society at 20 per cent, loss 
than the price charged to the Public. A further reduction 
of 20 per cent, is made upon purchases of Publications 
issued prior to 1881, if they exceed the value of Five 
Pounds. 

Fellows also have the privilege of subscribing to the 
Zoological Record for a sum of Two Pounds Ten Shillings 
(which includes cost of delivery), payable on the 1st of July 
iu each year; but this privilege is forfeited unless the 
subscription be paid before the 1st of December following. 

The following is a complete list of the publications of the 
Society already issued. 
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I In consequence of a re-arrangement of the stock of the 1 Transactions/ the Society is 
now able to offer for sole, at the reduced price of £30, sets of Vols. Y.-XYI. inclusive, 


PROCEEDINGS OF THE COMMITTEE OF SCIENCE AND 
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First Series. 

Parts I.-XV. (1 833-1 847). 8vo. 15 vols, (Letterpress only.) Price to 
Fellows : 4s. 6rf. each part ; to the Public, 6s. 

index 1830-1847. Price to Fellows : 4s. 6d . ; to the Public, 6s. 

Parts I., VII.-1X., XI., XIV., XV., out of print. 

Second Series. 

Parts XVI. -XX VIII. (1848-1860). 8vo. 13 vols. (Letterpress only.) 
Price to Fellows : 4s. 6d . eacli part ; to the Public, 6s. 

Index 1848-1860. Price to Fellows : 4s. 6d . ; to the Public, 6s. 

The Parts of this series containing Coloured Plates are out of print. 
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1919. Two volumes 

I5jj. .. 

. . . 20*. 

1920, vol. I 

10*. .. 

... 20*. 

,, ,, II 

18*. .. 

... 24*. 

1921. Two volumes 
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1925. Two volumes 
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* 1908 out of print. 
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CATALOGUE OF THE LIBRARY of the Zoological Society of 
London < Fifth Edition.) 8vo. 1902. Cloth, (>«. 


THE OFFICIAL ILLUSTRATED GARDEN GUIDE-23rd Edition 
(Revised) — with (1) a Railway and Street Rap; (2) a Plan ol 
the Grounds ; (3) a short description of some oi‘ the principal 
animals in the Collection, with 52 Photographic Illustrations 
and Index, Price Is. in Stiff Paper Cover, postage 3d. 


ILLUSTRATED GUIDE TO THE AQUARIUM. Price 
postuge Id. 

ZOOLOGICAL RECORD.— Yol. 61, containing literature relating 
chiefly to the year 1924. lias now been published, price £3. 
Yol. 62, for the year 1925, is being prepared as usual, price 
£3, or subscription, if paid in advance, £2 10*. 0 d. 


Regent’s Park, London, N.W. 8. 
December 1926. 


P. CHALMERS MITCHELL, 

Secretary. 


These publication e may be obtained at the Socmsr’s Office 
or through any bookseller . 
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ZOOLOGICAL SOCIETY OF LONDON. 


PAPERS. 

31. A Mycotic Disease of Bntrachians. By H. Harold 
Scott, M.D., F.R.C.P.Lond., D.P.H.,D.T.M.H.Camb., 
F.R.S. Edin., F.Z.S., Pathologist to the Society. 

[Received March 29, 1926 : Read June 16, 1926,] 

(Plates I-V,*) 

The disease whose clinical history and pathology is the subject 
of this paper is one which has been responsible for a considerable 
mortality amongst Batrachians during 1925, 

I am not in a position to say whether it has been equally 

f )revalent, or equally fatal, in other years, because I can find but 
ittle record of the condition, and no detailed work appears to 
have been undertaken in respect of it. 

Previous records on the prevalence of this condition or anything 
which can be so interpreted are very meagre. I have searched 
the * Proceedings of the Zoological Society 5 for the last fifteen 
years. Gases are now and then recorded of reptiles dying from 
mycosis, but, as a rule, no particular notice is taken of it, the 
mammalian, avian, and reptilian all being placed under the same 
heading. There is one instance recorded as occurring in 1909 in 
which the fungus is stated to have been Aspergillus fumigatus ; 
this must have been a different condition from that dealt with in 
the present paper. There are only two statements which appear 
to refer definitely to this, Jtn the Report on the Deaths occurring 
in 1914 (P. Z.S. 1818, p. 127) mycosis is given as the cause of 

* For «xpl*mition of the Fhttei, m p, 092. 

Pboo. Zooii, Soo.^1924, No, XLV, 
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death in ten reptiles, and Dr. Plimmer states : <4 It . , . . has 
been found in the larger frogs and tortoises. It is produced in 
them by a much larger mould than that found in the mammals 
and birds, which generally leads to the formation of tumours.” 
Again, in the following year (P. Z. S. 1916, p. 82), “ A Oeratouus, 
which had been many years in the Gardens, died from a mould 
disease of the skin, similar to that from which several of the 
larger toads and frogs have died.” 

Lastly, there is a specimen preserved from a Bull-Frog in 1921 
in which the liver appeared to resemble in all points that found 
in similar animals dying during 1925. The cause of death was 
recorded as cirrhosis of liver. I removed a fragment of this, 
cut and stained it, and found the condition such as will be 
described later under pathological histology. 

I have been able to obtain very little evidence relative to the 
existence of this condition elsewhere; in fact, scientifically 
speaking, there is no trustworthy evidence. I have been given 
to understand that there is a disease which kills a large number 
of toads and frogs kept in laboratories or in the shops of dealers 
who maintain a considerable stock. The signs, so far as they have 
been noted (in most instances no special attention has been paid 
to this pointX have resembled what has been seen here, but the 
high mortality has been ascribed to overc»^wdi^g,jind not to any 
specific disease. If the condition is the same m the one about to 
be described, overcrowding and close contact would certainly play 
a partin assisting its dissemination. 

Since the beginning of the year several Salamanders died of 
the disease, 5 Bull- Frogs (Rum catob&tma), 5 Black-spotted 
Toads ( Bufo melanostictus), 8 Square-marked Toads {Bufo 
regtdaru), 1 American Toad, and 1 white’s Tree-Frog. Others 
have been attacked by it, but died from some intercurrent 
disease, or were accorded euthanasia when tile condition became 
severe and proved refractory to all treatment, while a few, coming 
under observation in an early stage, were treated and recovered* 
Among these were an African Triad, an Indian Triad, and a 
Common Frrig. It is not possible, therefore, to state definitely 
the mortality from this affection, since in seme its lesions merely 
served as a predisposing cause to other diseases. In twenty at 
least death Was dearly aacribable to it. 

The ensuing account of the setnriielrigy of this disease is based 
upon information very kindly given to me by the Curator of 
Reptiles, Hiss Joan Procter*. 

The course of the disease differs some^taat according to the 
animal attacked. In Batamandexa it is, I understand, met with 
fairly frequently, aid is known in the trade as “Salamander 
disease.” In this annual it usually starts at the tip of the nose 
as a small erosion, probabfy^ by fc slight swelling which 

• t m desirous of eronasfcf m WdWifsjssto Hiss Proctor, not mhfa this 
t informs****, hat she for |w mhm* U *0 Mtaf m» mtot'm fa mSm csss* 
d ini n g ted the 'o ood hls a ia thsdWitisa ' >■» - 
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soon breaks down to form a shallow ulcer. In the discharge from 
this ulcer, and also in the secretion from its undermined edges, 
hyphae of a mould are seen, sometimes single, more often as a 
feltwork of several. After a variable period, usually short, the 
ulcer extends both in area and in depth, spreads to the bone, and, 
finally, when death occurs, the whole of the front of the face has 
been eroded and eaten away. Sometimes ulcers are to be seen on 
the limbs. It is possible, of course, that there is first a small 
sore, an abrasion, produced by some trivial injury, and on this 
the mould finds a ready site for growth when once it becomes 
implanted. 

In Frogs and Toads the primary lesion may be on the nose, but 
is nearly always on one or other limb, often beginning on the 
pads of the feet, but it may start anywhere, and, from the position 
assumed in the cage or water, the first noticeable ulcer is on the 
upper or lateral aspect of a hind limb (Pis. I., i i. figs. 4 & 5). The 
ulcer is at first small, but as it extends it causes a weeping of the 
skin in the neighbourhood, and the outpouring of fluid carries 
down the fragments of mould and so spreads infection to other 
parts. After a time, usually two weeks or so, the ulcers may 
thus become more or less generalized ; they do not, as a rule, 
become confluent over a large area, but several areas appear to be 
involved in rapid sequence, if not almost simultaneously. An 
explanation of this is suggested later under the section dealing 
with Pathogeny. In the case of the Salamander this extension 
is not, as a rule, met with because death occurs from sepsis before 
it has time to develop. 

Yet a third train of symptoms may be encountered, and this is 
quite common in Bull-Frogs and in Square-marked Toads. A Iter 
the primary ulcerous lesion, instead of a generalized cutaneous 
outbreak, the initial sore may heal or remain fairly stationary. 
The respiration-rate, however, is found to alter, becoming 
increased, and the body generally is noticed to become larger and 
appears distended. This swelling of the body increases and the 
respiratory rate steadily goes up. The apatite is lost and the 
animal is obviously distressed. Towards the end — and when 
once it passes the primary stage unchecked the condition seems 
invariably to terminate fatally — the swelling of the body Incomes 
more marked and the respirations very rapid and laboured. 

It is highly contagious; if one affected Salamander, for 
example, is placed in a vivarium with several others free of the 
disease and in a cage which has been thoroughly cleaned, disin- 
fected, and furnished with fresh sand and mould, the rest will 
toon exhibit lesions in the same situation (the nose), and on 
examination each so attacked will show the presence of the 
byphae. 

Pathological Ahatohy anb Histology. 

A detailed account of the changes set up in various organs will 
be given in the succeeding paragraphs* At the present juncture 

45 * 
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a brief statement of the macroscopic appearances may be made* 
Ulcers, some in an active condition, some healed, may be seen, 
usually on tbe hind limbs, and the whole body is swollen, bloated, 
and abnormally pale. On opening the body the viscera are seen 
to be bathed in a clear, thin, watery fluid. The peritoneal cavity 
shows ascites, as much as 4 oz. being measured in one instance, 
3£ oz. in another. This is probably the result of the cirrhotic 
state of the liver, as is seen in Man with Laennec’s type of 
multilobular cirrhosis. Hydrothorax and hydropericardium are 
also present, partly due to heart failure and partly secondary to 
the renal fibrosis. One’s attention is immediately struck by the 
large size of the liver, kidneys, and spleen as compared with the 
normal, as well as by their* toughness and streaked or mottled 
appearance, resulting from infiltration with the growth. 

The normal measurements of the liver, spleen, and kidneys in 
a Bull-Frog are given below, and the measurements in two cases 
dying from this disease. 


Oigan. 

Notrnal. 

1 Case Is Deetb-Book Case II: Death-Book, 
No. 459/26. No. 788/25, 

i 1 

Liver . 

6 25X4 X 1-75 cm 

10X8 X4 cm. 

18 8X8 4X3-8 cm. 

Spleen 

1*20 XI X05 „ 

axi-fixi ,, 

2*0X1*8XT2 M 

Left Kidney 

3*0 X 1*75X0*9 „ 

7X4 X3 „ 

5*9X8 XI 9 „ 

Eight Kidney 

8 0 Xl*5 X1*0 „ 

0X8 X8*6 „ 

0'5XS'4X2'5 „ j 


It will be noticed that each of the organs attains a size almost 
twice the normal in all dimensions. 

The individual lesions may next be described in more detail. 
There is nothing peculiar in the initial ulcer macroscopically. 
It is not, in the earliest stages at least, a deep one ; it appears to 
present a fairly clean-cut margin, but on closer examination tbe 
border is found to be undermined (PL I. fig, 4). If a little of 
tbe discbarge and the debris from beneath the edge is examined 
fresh, septate hjphce are found in varying amount and in many 
instances active nematode larvae (PL II. fig. 6), On staining, 
the hyphae are brought out more clearly, and if a culture be made 
on Sabouraud’s medium with maltose a wrinkled white growth 
appears in the course of five days, or even less, and spreads until 
a large surface of the medium is covered, the central part being 
white, wrinWed, Somewhat craterform* as shown in PL II, fig, 7. 

Microscopically, the skin near the ulcer is usually found to be 
quite healthy on theburface, but where this is denuded, that is 
at the site Of the ulcer itself, there are seen to be hyphae 
spreading impHreticaSy evwry dirtotitm. Jin the vety early stage 
iVL HI. fig. 8) a hypba Bern* to by * 1/mph- 

, space, and other* lie ha a lymph-space health the epidermis- 
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Thence it seems to spread in all directions, destroying and re- 
placing the tissues. The mould forms a dense feitwork beneath 
an nicer where the skin 1ms been removed. The growth is so 
dense that it is hardly possible to determine whether it extends 
now by way of the lymphatics ; we see mycelium, spores, and 
hypkss in all directions, and the latter sprouting from the former. 

When denser structures are encountered, such ns tendon or 
muscle for example, the hyphse, os one would expect, tend to run 
along the fibres, and they seem to produce more spore- formation. 

Mention has been made of the pallor of the skin of the animals 
attacked (PI. 1. figs. 2 & 3), and in view of the work of 
Dr. Hogben # dn the action of the hypophysis in leading to 
albinism, this structure w as removed carefully from some of the 
animals dead of this disease and serial sections were made, but in 
no case was there any trace of hyphte detected. The hypophysis 
appeared to be perfectly heal thy. 

Glands . — The lymph-glands are often much enlarged ; they have 
been met with as large as a cobnut, slate-grey in colour and 
unduly tough. On microscopical examination there is generally 
no sign of hypb® breaking through the capsule ; fragments of 
them are seen in the subcapsular lymph-spaces, but not in the 
capsule itself unless the gland is so densely imolved that little 
lymphoid tissue is left. Under these conditions the capsule may 
be, as it were, split, and hvphse may be seen running beneath the 
surface. In the interior, however, the growth is more marked 
and dense than towards the outer parts, and if examined before 
the mass is too crowded the hyphee appear to lie in clear spaces 
which may he lymph-spaces and sinuses. The gland-tissue shows 
signs of attempted resistance. Thus, giant-cells are much in 
evidence, and Murray’s stain serves to show excellently the giant- 
cell formation round the tip of a growing hyphaor round a spore; 
in other parts the reaction has progressed even further to produce 
a marked fibrosis. 

Some peculiar structures are seen in the section, the nature 
of which I cannot even conjecture. Some are cut transversely, 
others sagittally, others again longitudinally. Those cut trnns- 
\ersely reveal best the minute structure, as in PI. III. fig. 9. 
There is seen to be a granular internal core around which is a 
very definite layer, in some cases apparently hyaline, in others 
radially striated, with a highly retractile periphery. External to 
this is a layer, circularly laminated, granular in general aspect, 
but interspersed with cells disposed in three or four strata and 
following very closely the contour of the structure immediately 
interior to it. Outside this again is a more condensed stratum, 
also granular under high magnification, and external to this a 
second laminated layer similar in general structure to the first, 
but showing a more definitely circular stratification. Between 

* 41 The Pigmentary lafector System. A Review of the Physiology of Colmtr 
U. jf . ; 4 Biological Monograph* mid Msmiek Oliver A 
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this find the somewhat condensed or com pressed tissue of the 
gland is a cleat* space which is probably the result of shrinkage in 
preparation of the specimen. 

Several suggestions have been made as to the nature of these 
bodies : That they are helminths ; that they are concretions ; 
that they are sections of byphal growth ; that they are plant hah s. 
The first cannot be maintained for a minute, the structure is 
quite unlike that of any known helminth ; prolonged treatment * 
with acid-alcohol does not affect any material change in them, and 
the cellular structure is very definite, so there is not any support 
for the theory that they are concretions ; they may be abnormal 
forms of hyphal growth, for they stain, in part at least, similarly 
to the hyph© elsewhere, but, wheteas hyph© are abundant in the 
organs and tissues attacked, these bodies have been rarely met 
with, though foitunately fairly numerous in the tissue from 
'which the microphotograph has been made. This is exceptional, 
and in no other of the animals dyiug from this disease akin whose 
tissues have been submitted to minute histological Examination 
has there been any sign of them. Lastly, it has been suggested 
by Professor M. J. Stewart, of Leeds University, to whom I sent 
some sections, that they are vegetal)} e hairs. Evidence in favour 
of this is that they were Found in but one animal, that they weie 
very limited in distribution, being found only in the submucous 
layer of tlie intestine and in a mesenteric gland. This very 
distribution affords suppoit to this opinion ; but, on the other 
hand, the hair must be very firm to have thus penetrated, ami no 
such hairs can be found in the enclosure which this animal 
inhabited. It is, however, conceded by all who have seen the 
sectious that these bodies have probably nothing to do with the 
disease condition, so we may dismiss them from the present 
account. 

8pkm.-~ This need not be described in detail ; the conditions are 
exactly like those in au infected lymphatic gland— increase of 
fibrous tissue, the presence of hyph© and giant-cell* being 
particularly prominent (PI. IV. fig. 10). 

Lung . — In none of the animals examined is this organ at all 
extensively involved. Even where it is affected there is no naked- 
eye change and the condition is only discovered microscopically ; 
byphal fragments are sect) in the alveoli and the thickened 
alveokr walls, the former often being filled with shed epithelial 
sells. Whether the condition attacks the walls first or the 
lymphatic paths in them and thence extends to the alveoli, or, 
ike* esrsfi. the alveoli by inhalation, is a question which naturally 
arises; bat seeing that the hyph© are very rare, usually absent, 
from tirn general impression supports the former 

view. Also, from the absence of hyph© Prspom in the arterioles 
k may be inferred that the spread is not by the blooA-vascttlar 
route. 

have been made fromdifereut 
parts of the altmefeiaiy canal in various animal* dyiug from tills 
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mycotic disease, no hyph® have been found*. In fact, the only 
Abnormality seen was in the submucous layers in one Bull-Frog, 
where sections of the peculiar structures already described as 
present in the gland were met with. 

Pancreas . — In the parenchyma of this gland, in advanced stages 
at least, hyph® are found in fair abundance, but more appear to 
be situated in the islets of Langerhans than in the gland-tissue 
proper. Rarely is a hyphal fragment seen in a blood-vessel, and 
still more rarely in a duct. In parts, especially at the periphery, 
fibrous tissue is in excess, and here, in some situations, there are 
signs of penetration by the mould, but whether this can be inter- 
preted as indicating direct extension from without there is not 
sufficient evidence to decide with certainty. 

Liver . — The parenchyma is greatly disorganized, so much so that 
in many parts of the section it is far from easy to recognize that 
we are dealing with liver at all. Some hypbie may be seen in 
branches of the portal vein, fewer (sometimes none) in the hepatic 
artery, very rarely at all in the bile-ducts ; in fact, so few in the 
last-named that many fields may have to be examined to find one, 
and it is possible that they may have been displaced thither in 
cutting the section. 

Throughout the liver generally there is much increase of 
fibrous tissue ; in fact, in one specimen which was mounted per- 
manently three or four years ago and to which I have already 
referred, the condition was labelled cirrhosis of the liver. 

In the region of the capsule, hyph® may be abundant, and in 
one or two situations they may appear to be breaking th rough. 
To decide whether we are to interpret this as extension from 
without or from within the following points may help: — The 
growth of hyph® is more abundant in the interior of the liver 
(Pi. IV. tig. 11); hyph® are rare, or even absent, in many 
sections of parts just below the capsule; the peritoneum is not 
involved, or only very exceptionally. On the other hand, it might 
be argued that the growth might find an otwtacle in the fibrous 
capsule, but when once it had penetrated at one or more spots 
growth through the less resistant parenchyma would be more 
exuberant. In other sections the capsule appears to be densely 
infiltrated with growth, but not at the actual external surface ; 
the impression given is rather that from the liver tissue extension 
has occurred through the inner aspect of the capsule, and thence 
m more widespread dissemination between and amongst the fibres 
cf the capsule (PI. V. tig. 12). 

Kidney . — As in the case of the liver, the renal tissue is greatly 
disorganized, and there is marked fibrosis. The parenchyma i s 
infiltrated in alt directions, so tfliat in parts the tubules are barely 
recognizable. At the same time it is a remarkable fact that the 
tubules themselves rarely show any hyph® ; these appear to be 
interqpMeed hetwM the tubules and in the fibrous tissue. As 

.* |et«r esaeasstiow Save mealed dt* presence of as occasion*! hypha. 
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in the liver, the outer layers of the capsule do not show hyptue 
in any considerable amount, but it seems to have been split, as it 
were, by extension from within, the growth then taking place 

f arailel to the surface. Also, the glomeruli frequently escape, 
n parts one may see abundant growth amongst the tubules, 
with fibrosis and disorganization, but glomeruli show no mould ; 
in other parts (PL Y. fig. 13) the glomeruli are seen not to be 
entirely exempt ; in the upper part of the field is an intact 
glomerulus, below is one showing a fragment of the mould, and 
partial destruction of the tuft; a little lower still, but too 
distant to be included in the field, was a glomerulus which had 
been converted into a fibrous nodule. This, however, is excep- 
tional, Occasionally in the kidney also may be seen giant-cell 
formation round a mycelial point. 

As regards other parts of the body, although the animal died 
of the infection, and the liver, kidneys, spleen, lymph ‘glands, 
skin, and subcutaneous tissues were densely invaded, no sign of 
any mould could be found in the alimentary canal, heart, brain, 
or nervous system generally, the fat-bodies, ovaries, or spawn. 

Pathogeny. — Having described in detail the macroscopic and 
histological changes found, we may briefly consider the pathogeny 
of the condition. There can be no doubt that the initial lesion 
is in the skin. At a time when the animal appears to be in 
perfect health, except for the presence of a small ulcer with its 
undermined edge, a smear taken from such a ulcer shows the 
hyphte of this mould. If local treatment be energetically under- 
taken at this stage cure can be brought about. A point worthy 
of consideration is whether the lesion is made by the mould being 
introduced somehow into the healthy skin, or whether some small 
abrasion permits the fungus to obtain a footing. It baa been 
stated that examination of the discharge reveals not only the 
hyphie but larval nematodes (PI. II. fig. 6). Larval nematodes 
in the filariform stage can penetrate actively the skin of & mouse, 
as has been shown by Dr. Goodey’s experiments. The nematodes 
in this disease, however, are not filariform but rhabdiiiform. 
Such have not, so far as I am aware, ever been shown to be able 
to penetrate the unbroken skin. Do these helminths play an 
essential rdle in introducing the mould ? 

The following are tho main points in favour :-—(!) The isrvm 
aro found in the ulcer in nearly all Instances. (S) Inoculation, 
even in large amounts of a pure culture of the mould does not 
produce the disease in a healthy animal when applied to the 
intact skin, to a scarified surface, or subcutaneously. (S) Lame 
of safes* nematodes cap penetrate (v.«.) healthy ritin* 

iheebiitosxy s^^) Th* Jarfese awe nob in wriab Uf found, twit 
it is quite possiblethat' they hat* been present aim have later 
'been washed away by the mridiar|e m have betatmu themselves 
elsewhere. (%) Examination of bfttoe underlying tissue 

doe* not reveal any wash patositos. ($> 

Of hyphie have beenseen in any erf thei* tame gam 
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conditions! as the Mucor infection of Lizards, no larva have been 
seen at all 

We must not forget to mention, however, that even if absent 
at the time of examination, they may have served their purpose in 
producing a local lesion and allowing the mould to gain a footing 
and penetrate ; or, since inoculation of a culture alone 1ms not 
succeeded, they may have prepared the soil by their secretions or 
by local toxic action, and that in the absence of this a healthy 
animal with an accidental abrasion may, even if attacked by the 
fuugus, be able to resist and throw off the iu vasion. In default 
of positive results from experimental work this question must for 
the present remain unsettled. 

The next point is the mode of penetration. Examination of 
many sections of healthy skin in a grossly infected animal has 
failed to reveal any penetrating hyphee (i. e. actually perforating 
the skin). If there is an abrasion and ulcer, there is obviously 
every chance for such an aggressive organism to enter. Where 
the skin is healthy, any hyphee present are seen to be in the 
deeper layers, and appear to he traceable from those which have 
entered at the site of a neighbouring ulcer, and have, on reaching 
the dermis, spread in all directions. If seen at all where the 
epidermis is apparently intact, the hypha seems to be entering in 
a clear space, a lymph-channel (PI. 111. fig. 8), which channels 
communicate at intervals with the surface in a frog’s skin. 

After penetrating beneath the surface, its mode of dissemination 
may he by the blood- stream or by the lymph, and the evidence 
is vastly in favour of the latter. In the first place, we rarely find 
the mould in blood-vessels. Thus, in the lungs, hypha are rmely 
seen at all ; in the kidneys the vessels are nearly always free, even 
when the whole organ is so attacked as to be barely recognizable; 
the same applies to the liver. In the heart I have ne\er seen 
the hyp 1 a, nor in any part of the central nervous system. The 
clinical history is quite definite of a local sore, a period of 
quiescence, and then a more generalized outbreak with swelling 
of the abdomen, panting respirations, etc., as already detailed. 
This might be explained by the lymphatic route of entry, pene- 
tration to the lymph-sinuses, and extension upwards from below, 
or a'checking by the lymphatic glands which, as we have seen, 
become densely infiltrated, and then a spread to the various 
organs by the lymphatic channels. This would also explain the 
intertubular disposition of the mould in the kidneys and the 
escape of the blood-vessels, also the absence of it from the vessels 
cf the pancreas* although the hypha are found in the parenchyma, 
but not the ducts; the liver, though more vascular and very 
heavily infected, shows comparatively little involvement of the 
vessels, and this may be explained by direct penetration which 
San he seen in some sections. Again, in the earlier stages of 
lymphatic-gland involvement, the hypha are found more abun- 
dantly in the subcapsular ly mph-spaces, and only later throughout 
the gland-tissue itself. 
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Ill couduftiott, a fungus so malignant certainly deserves a label. 
Culture shows that it is definitely a Momlia. A subculture was 
sent to the Mycologieal Section of the Molteno Institute for 
Research in Parasitology, at Cambridge, and Dr, J. G. Hare 
has informed me that, though a MonUim, its maimer of growth is 

S oulier and does not correspond with any of the known species, 
nee it has been isolated from so many of the Batrachia, as 
stated in the introductory remarks, but has not been found, 
so far at least, in other animals, I would suggest the name 
Manilla batmohea as suitable, deriving the specific name from 
the Greek j3«rp<ix*“** since the alternative fiarpa%uo$ baa no 
distinctive feminine. 


EXPLANATION OF TEE PLATES 
Plat* L 

Fig. 1. Photograph of the ventral surface of the healthy Bull-Frog (Mana 
catabiana), *bo* uig the normal degree and distribution of pigmentation. 

2. Photograph of a I3ulUFrog in the intei mediate stage of tlwa disease. The 

aui face is whiter than normal and the abdomen beginning to enlarge, 

3. Photograph of a Bull* Frog deed of the die***#. The pallor of the ekin is 

marked, and the ge nml adetua of the ltinbeaud the enlargement of the 
abdomen are well shown. 

4. Photograph of the right bind-leg of a Hull- Frog, showing the ulcere in an 

early stage, with a punched out appearance but slightly undermined 
edge* 

Plats If. 

Fig. 6. Sliowing the ulcer* at a later stage, Imt before the disease haa extended in 
the viscera. Note the large ulcerated surface due to confluence of 
smaller ulcer* and not to sprvsd of a single one, and two smaller ulcers 
below, which in a few da> s will joiu up with the large, 

6. Smear made from the discharge beneath the edge of an ulcer, showing a 

nematode Ian a. The darker mass is made up ti matted mycelium, 
individual hyphte lafing seen at the pertpberv. 

7. PhotogiHph of a culture of the fungus groan on toafeettraudh maltose 

medium, 7-8 days old. 

Plats ML 

Fig. 8. Section of skin, showing a hypka penetrating *«> a l)T»pb-*p*ct. Below 
is a larger inpha lying in a space. 

8. Bodies, FvygetabW hairs fc» section 6f a mesenteric gfcmA The tissue is 

mwUtned ui order to show up the trausvwrsel) -cut bodies more clearly. 

Plat* IV. 

Fig. XO. Foreign-body giant -cell* round fcyj&a! frogmen*# in a taction of spleen. 
The glands enow a similar couditiim 

MU Section of liver parenchyma, showing the extreme dispersion of the septate 
hyphal growth. The hver-tissue i* recognisable only in certain parte of 
the section, tbs destruction and roptaeomnt by mAdd-growth befog very 


Plat* V* 

fig. IS. The edge of the liter, sluing the mWdi^reniJy breaking through 
from the interim into the deeper layers of the rspsak and thou growing 
jmnSdF the eartheo. 

Us Mh timSmf*,* hewing twegteawwdL The upper ie normal. The 
W ie omwdewbJy atofod i hxpM fragments and spore* are present. 
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LVTUolH C1IU2V . 

When I tern lied the Yo^eimbe Valley on October 28, 1925, 
I immediately made eiiqumes tiom eveiyone I met whethei they 
had ween any iadybu da(Hippodamia con re i gens) in large numbeis. 
At the end ot an hour 1 tound a waggon* i who dnected me to a 
held in which a gioup ot Azaleas were giowmg (see foieground 
of PI. I. fig. 1), near winch he had seen huge numbeis of Iadybu ds. 
He had been digging in a pit neat by for the last torn oi five 
weeks and had seen the insects on the wing tor a couple of hours 
in the middle of sunny dajs. 

On teaching the gtoup of leafless Azaleas, I found the spot 
sunless and cold, ioi the high cliffs had already, at 2.50 p.m., 
hidden the sun. The Azalea is indigenous in the Sierra Moun- 
tains at an elevation of 3500 feet. The air was destitute of 
ladybiid-hfe, but among the dead leaves under the Azaleas I 
found eighteen masses of llippodamia confer yen 8. They were 
well hidden under the leaves and nearly always giouped aiound 
the base of a stem, but theie was not time to find if there were 
mot*e groups b*foie twilight suddenly came. 

Each group of insects was congregated into a ball-like mass 
the si so of one-half to one fist in bulk. I shall follow the 
•sample of the woodmen, and call the spot in which each group 
lay a nest. There wm a complete segregation of nests, not a 
continuity of ladybirds along the whole area. The social instinct 
that makes the ladybirds collect together is so strong that them 
were no stragglers between the masses, but the social instinct 

* by Nr. E. Ssvsn Gats*, F.Z.S. 
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was not, at that particular time, strong enough to make all the 
masses into one. 

The condition in the Yosemite may be compared with that in 
k very narrow canyon on the side of Mount Tamalpais, near San 
Fran cisco, where Dr. Van Duzee \exy kindly took me to see a 
small massing of Htppodamia convergent. The several groups 
which had collected in some brush by the side of the road were 
disturbed in the late afternoon of October 25, 1925, by turning 
the brush over, in order to see how the ladybirds would re- 
assemble, A number began at once to climb up the mam stem 
and .collected at the very top, where some remained* Others also 
came up gradually, and pressed an near as possible to the first 
settlers, still more followed, and the latest comers crawled on top 
of those already assembled. Finally, the mass was so top-heavy 
that gravity became a greater foice than the social instinct, and 
the top part of the mass toppled and fell. In the meantime, other 
centiesof population had started in various part's of the bush, 
but the impoitant point is that, when we left, there were more 
nests in this reassembling than there had been before we 
disturbed the insects. If we had returned the next morning or 
afternoon, would there have been a reduced number of nests 
because the social instinct would have had more time to act? 
It would be interesting to know \\ hat characteristic in some 
particular ladybird, at some special situation, served as the force 
which started each nest : was it the member of one sex rather 
than the other, a ladybird with a paiticularly strong odour or 
some other attribute i 

In the Yosemite J marked the position of a number of the 
nests by pieces of yellow paper pinned on a branch above 
the nest, in order to find the ladybirds after dark. 

The floor of the valley where the messing took place has an 
altitude of approximately 3960 feet, and an average width of 
only a mile. The Azalea bushes were near the base of a cliff 
which extends almost perpendicularly, 3254 feet high sdwvejitlie 
valley. The altitude of the top of the cliff is therefore 7214 feet. 
In Pi. I, fig. 1, groups of trees can be seen on the mountains 
above the valley, but so far, no ladybirds have been found 
hibernating there- In this case, the ladybirds have chosen for 
their winter-quarters the valley and not the highest possible 
point. 

Experiments at Night with Light axd Heat 

The night experiments planned had to be made oh 
had not been disturbed in the late afternoon* If the ladybirds 
were disturbed fa the smallest degree they meted about in the 
immediate and fc*:>k on* to two hours St least to 

settle quit* again. t wished to try tbe effect of Ugbt and 

heat, upon the iftofcit** dbWrt f b#4 #hen it was 

dark. The meeti was bright and WL days 

old* but its light had no stimulating oflM movements 
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of the ladybirds. Under the Azalea bushes it was comparatively 
dark. The light of the moon is only a fraction of a candle- 
metre, but I understand it is sufficient to make bees restless at 
Rothamsted Experimental Station. 

The pieces of paper could be seen a yard away in the moon- 
light, so the nests were soon located. 

We lay upon the ground that the heat of our bodies might 
not affect the ladybirds. I held the torch, parallel to the ground, 
the axis of the light passing above the leaves under which the 
nest was hidden. The lens of the torch was four inches from 
the centre of the group of ladybirds, but shining only on the 
leaves that covered them. A companion counted the time, and 
in half a minute the ladybirds began to move ; they did not 
move either straight towards or away from the light, but up the 
trunks of the Azalea bushes — they were neither positively nor 
negatively heliotropic. During the two evenings only one lady- 
bird walked on the glass of the torch. The ladybirds collected 
on my hat, and several were found, three feet from the mass, on 
my coat. It was impossible to tell how for, if at all, they went 
beyond the bushes. At the end of twenty minutes no live 
ladybird was left under the lea\es. All the ladybirds, so far as 
it was possible to see, were walking, none were flying. 

It was impossible to tell how much light penetrated through 
the dead leaves or even to test the illuminating power of the 
torch in metre-candles, but I have since tested several torches 
which were supposed to be the same and found they varied from 
2*3 to 5 metre-candles. 

The heat produced by the torch is very small. In a laboratory, 
where the air is comparatively still, when the lens is placed at 
a distance of |-inch from the bulb of a thermometer, the heat 
produced raises the temperature 0 0, 4C. at the end of five 
minutes and 0°-8 0. at the end of ten minutes. At a distance of 
four inches, the distance of the lens from the nest in the original 
experiment, there is no effect on the thermometer even at the 
end of twenty minutes. In the open air the results would be 
even smaller. It is safe to state that the electric torch produced 
no heat effect upon the ladybirds. 

It has to be remembered that, even by day, the sunlight falls 
on the leaves, but not directly on to the nest of ladybirds which 
are hidden away underneath. 

The same experiments were repeated with other nests, but 
with the same results. On my way home I was aware that 
ladybirds were walking on me, and I caught about thirty in my 
clothes. 

W* B. Harms and Martha 8. Beaser (1) write, in an un- 
published paper, that, in ffippodatnta convergent) “ The reactions 
to light are positive, but the light stimulation seems to cause an 
increased movement and a reaction causing dispersal rather than 
assembling*” 1 made no observations on the reaction of light 
to luMMenmiiigi 
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I then tried the effect of heat upon several nests. A frying- 
pan was heated over a tin of solid alcohol until the pan felt very 
hot to the finger, and the pan was then held upside down over a 
nest. At the end of two minutes I heard something knock the 
underside of the pan, and, on looking with a torch, a number of 
moving ladybirds were seen on the stem and adjacent leaves. 
Again, the ladybirds were walking up the stems. They did not 
move as a whole directly to the pan. At the end of ten minutes 
they were not as far up the stem as after ten minutes’ stimulation 
with light. It was impossible to look often or for more than a 
second for fear of complicating the results by light stimulation. 

The only thermometers available were one from an hotel and 
a clinical thermometer, and both were useless. Since my return 
to England I have repeated the experiment with a pan of the 
samesise, raised to what I judge was the same temperature. By 
this means I found the temperature at the level of the covering 
leaves must have been approximately 23 0, 5 C., a temperature 
which, judging by the observations carried on during the day* 
would be expected to cause some movement. It was impossible 
to keep a steady temperature, but the pan was periodically 
re-heated. 

With heat alone the movements were not as great as during 
the day with the combination of heat plus light. This confirms 
my observations on ladybirds living in boxes, where I have found 
that sunlight plus a lower temperature caused greater movement 
than a higher temperature without direet sunlight. 

Herms and Beaser, in the paper quoted above, say, M Thermal 
reactions exert a powerful influence, as evidenced by the fact that 
the beetles assembled in the fields and the laboratory in small 
and increasingly larger groups as the temperature is lowered, and 
disperse again as the temperature is raised. The temperature 
at which Hippodamia convergent is caused to assemble is 

The following night the same experiments were repeated with 
simitar results, but experiments were also made on ladybirds 
which were in the crevices of the bark of a yellow pin* and ale* 
in a hollow at the base of its trunk. 

The ladybirds were closely packed together* the head being 
directed towards the centie of the tree, so that, looking into a 
crevice, only the red elytra could be seen. This may he a device 
to hide from* stimulus the sense-organs which would be affected 
by light and, perhaps, beat too. Dr. Essig allows me to publish 
a {dictograph of Avion pkapmHm hibernating in empty acorn- 
cup s, in which the ladybirds are in the same position. Admtm 
bip*. mctata, when hi Wasting in England, tend* to take up the 
same position* Evidently this position is not an isolated 
phenomenon and probafryha* some biological importance. 

The trunk of the tree was completely in shadow during the 
day. None o f rime* ladybirds had been on the w ing, end those 
In the mwviees had not shown the alighted sign of movement. 

In a shallow hollow at the We of the tree tW* worn * Wye 
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number of ladybirds. Those deep in the hollow were in the same 
position and as quiescent as those in the crevices higher up the 
tree, but those on the outer parts of the hollow were moving 
about slowly. 

The torch used the second night gave a considerably brighter 
light than that used the first night. When the light was passed 
across the crevices there was no movement, and yet a much 
larger amount of light must have reached the ladybirds than 
through the leaves which covered the masses on the ground. 
Even at the end of twenty minutes there was no movement ; 
evidently the response of the crevice ladybirds was different to 
that of the ladybirds under the Azalea bushes. The light was 
then directed full at the ladybirds, but there was only a slight 
movement even at the end of fifteen minutes. 

The response of the ladybirds which were not quite in the 
hollow at the base of the tree was different. The application of 
both heat and light made them move, and at the end of fifteen 
minutes some were found crawling three feet up the tree-trunk 
but, again those deep in the crevices of the hollow were far less 
sensitive to light, and even after twenty minutes of direct light 
at a distance of only two inches none of them had moved. 

The heated frying-pan was useless on the tree, so the ladybirds 
were warmed by breathing upon them very gently. After five 
minutes a few in the outer parts of the crevice moved. When 
wanning by breathing, three other factors besides warmth are 
introduced — a current of air, moisture, and carbon-dioxide. 

The ladybirds in the crevices of the tree were more responsive 
to warm breath than to light, but there is no evidence to show 
how much the other factors bail to do with the response. It 
seems as if these ladybirds had sunk into a condition from which 
they were less easily roused than those under the Azalea bushes 
which, until that date, had hail a few hours of flight on sunny 
days ; here there is the appearance of a cycle of differing physio- 
logical conditions comparable with that of hibernating mammals. 
If the insect passes into such a condition that it no longer 
responds to the stimulus of the occasional warm day during the 
winter and to the brightness to which they would be exposed 
after an unexpected mid-winter thaw, they would surely be 
better able to survive the long hibernating period. The sun- 
dance must be a serious menace to survival, as it certainly uses 
up a considerable amount of the fat or whatever substance is 
stored up. So far I have been unable to get any information as 
to whether there is greater mortality when hibernation is inter- 
rupted by a number of sunny days than when winter comes and 
stays without intermission. 

These simple and crude experiments make it quite clear that 
ladybirds react to pure heat and pure light stimuli. Under 
normal conditions there is light plus heat, and it remains to be 
found whjohplays the bigger part and what is the optimum 
fftif each. The experiments of the second night 
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suggest that the rapidity of i*esponse to both these stimuli varies 
considerably with the physiological condition of the ladybird* 
It depends upon the length of time the ladybird has been 
hibernating and the time it last responded to the stimuli of heat 
and light. 

At 5.30 p.m. in the afternoon the whole of one mass, as far as 
I could see after careful examination of the site, was removed 
eighteen inches from the nest out into the open. At 8.15 p.m. 
there was a steady stream of ladybirds making their way back to 
the nest, but few had reached it. At 9 a.m. the next morning 
the mass was apparently complete again in its nest, and no 
ladybirds were on the road. 

The individuals of this nest, during the hour that I watched 
them, showed no tendency to walk to several other nests which 
were within a radius of one foot from the disturbed group. If 
it had been possible to mark the ladybirds, one could have been 
sure of the results. It is certain that this procession homewards 
to the neat was not directed by either heat or light. I should 
have liked to try artificial solutions of the substance which 
produces the characteristic odour of the ladybird, for the obvious 
deduction is that they found their way back by v the scent. 
Herms and Beaser remark, however, “They do notr react either 
in the field or in the laboratory to their own odour or to artificial 
odours, so that Odom’s seem to play no part other than that of 
protection and, without doubt, in sexual attraction/* Ernest 
Crabbe has made solutions of ladybirds in the hope of thus 
collecting quantities of ladybirds, but the Solution did not act as 
a special attraction. 

Ladybirds had certainly hibernated under these Azaleas for a 
number of winters, for digging brought to light faded elytra 
three inches down in the decayed leaf-mould. These ladybird 
cemeteries were both under the modem nests and also at spots 
where, on those two particular days, there were no nests. 

There are many instances of ladybirds, of various species, 
reassembling for a succession of years either continuously or 
interruptedly in the same situation : Adalu » bipunetaia in a top 
room in a house at Bournemouth, England ; 4* bipunctata in the 
same trees at Esher, England (observed by $1. J. Burkin); in 
the same houses at Sutton, Surrey, and North Cray, Kent 
(observed by G. B. 0. Leman) ; Vooemetta wpUmpumtata and 
4. bipunctata, the twp aperies in segregated groups, under the 
bark of larch-poles at Kipley, Surrey (observed by G. Fox 
Wilson) ; Jftppodainia, convergtn*, amonggrpss, at Horse-Tooth, 
near Fort Oolltns (observed by Miriam Palmer); SemiadoMa, on 
a certain height abomNaney, Fiance ; 4. Upvmctutm^ <?. septem- 
pm&tofot and on the summit of F ny-de-Getgom, in 

Auvergne, France (observed by Professor Eusebio) (8). 

This use of thesame place by the same Species is not confined 
to OoceineBids ; Scott (*) states that certain p&Mpfdm come to 
the same room, in England, time after time/ This statement Is 
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confirmed by a considerable amount of data collected by Dr. 
Gahan at the Natural History Museum at South Kensington, 
London. These flies do not hibernate in the rooms, but they do 
assemble in enormous quantities. 

The Monarch Butterfly, Danais plexippm , assembles in large 
numbers in the autumn, and it is stated that it collects year 
after year in the same places in California. 

The basal fact in all the cases, and only a few are enumerated, 
is the selective assembling, whether for migration or hibernation. 
The insects collect together in pure or nearly pure groups, just as 
birds do; they are not, to any appreciable extent, mixed with 
other insects of the same neighbourhood, and when there is a 
mixture it is usually with an allied insect. This also is the case 
with birds, where, in a flock of Chaffinches there may be a few 
Sparrows and a few Greenfinches. Such assemblings cannot be 
regarded as due to such a physical cause as an air-current, but 
must be the result of some biological force such as the reaction 
due to the presence of certain sense-organs. When the biological 
assembling has taken place, then an air-current may have 
important effects as a distributor. 

Observations on Hippodamia convehgens during the Day. 

The Yosemite Valley, on the southern side where the ladybirds 
were found, is in deep shadow for a large part of the day in late 
October. 

In the morning an ordinary thermometer was placed on top of 
a nest, supported on sticks so that there should be no mechanical 
disturbance of the insects. At a temperature of 63° F. in semi- 
shadow, the ladybirds were quiet ; at the same temperature, but 
when there was a considerable increase in light but no direct 
sunlight, the ladybirds began to move, but when the sunlight 
was on the bushes and the temperature had risen to 70° F., 
some of them were flying in the air and there was general 
movement in the nest, but it is important to notice that while 
some individuals were flying, apparently with much excitement, 
others were merely crawling and a few were quite still, although 
not dead. There was, in fact, individual behaviour as well as an 
average tendency to certain average behaviour. 

When, in direct sunlight, the temperature had reached 80° F. 
the nests were nearly deserted. The maximum temperature 
in the sun that day was 94° F. In every case the thermometer 
was placed on the ground, but the real temperature of the air, 
five feet above the ground, where the ladybirds were flying 
would be considerably less. It may perhaps be even as much as 
fifteen degrees less than the maximum temperature of 94° 
recorded by the thermometer, for on account of radiation the 
temperature Indicated by the thermometer is not that of the air. 

Thme appeared to be more excitement, as evidenced by rapidity 
and of flight, as the temperature rose towards 74° F. 

Pao* Zool. No. XLVI. 46 
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than when, after a maximum of 94°, it sank again to 74°. This 
may have been due to muscular exhaustion or because the 
maximum stimulation had been received, and there was a physio* 
logical reaction of the same kind as that known in the higher 
animals. When the sun had gone and the temperature had 
aunk to 54° F. all the ladybirds had retreated under the leaves, 
except a few which will be mentioned later. 

The Azaleas were on a narrow patch extending approximately 
east and west; the sun first fell on the eastern end, and there 
the insects deserted their nests and flew in the air when the 
necessary degree of temperature and light had been reached, and 
as its rays moved along the patch one mass after another arose. 
The sun seemed to pass along the Azalea town, knocking in suc- 
cession at the doors of each house and awakening the inhabitants. 
At one time the temperature in the sun at the eastern end 
was 84° F, and in the shadow at the other end only 63° F. 

The ladybirds did not fly in the air unlighted by the direct 
rays of the sun, and as the path of the sun’s light moved along, 
the ladybirds kept in the lighted zone, like the prima donna who 
keeps always in the limited area of the spot light. The ladybirds 
were as much confined to certain limited aerial spaces as if they 
had been surrounded by stone walls. With such limited and 
definite response to the stimulation of light, there was no chance 
for them to migrate far. Ladybirds which hibernated on 
mountain-tops or in other well-lighted positions would not have 
their daily movements so confined. As the sun sank the lady- 
birds began to return to their nests, but I had no paint with 
which I could have marked the insects and so find out whether 
they returned, in the late afternoon, to the same place which 
they had left a couple of hours before. It seemed to me that 
there was an increase in the size of the groups nearer the place 
where the sun had last shone. Sixteen of the eighteen groups 
marked were re-formed, but two situated at the east end, which 
was first warmed and first cooled, had no ladybirds at night. 

These observations show that very enlightening and interesting 
results concerning the tropisms of the ladybird might be obtained 
by a worker, with adequate apparatus, who could devote a 
considerable time to experimentation and observation in the 
field. 


Reactions to Toon. 

I knew by experience in England ( 4 ) that Adalia bipunctata 
would eat dates with avidity, so 1 trie# ffippodamia with the 
only two likely foods I had — orange-juice ana split raisins. 

There was littk or no interest in the orange-juice. A few 
ladybirds lapped the juice when it had nearly dried on the 
twigs, but they did not stay long. 

The split raisins were put near nests when the ladybirds 
showed signs of movement* At the end of an hour moat of the 
raisins could not be seen, hut their position could be recognised 
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by the crowd of red ladybirds which completely covered them. 
During the day there was a constant coming and going of diners, 
some remained only three minutes, but two, at least, stayed for 
five minutes. Even when dusk had come and the temperature 
had fallen to 54° F., two to four ladybirds remained on each 
raisin, although the majority of the ladybirds were sheltering 
under the leaves. On returning at 9.30 p.m., when the tem- 
perature was 42° F., there were still two ladybirds on one raisin, 
but by the next morning they had disappeared. The stimulus of 
the food was stronger than the tendency to retreat into shelter 
on the coming of darkness and cold. 

There were certainly no aphids for the Hippodamia to eat, but 
they apparently had drinks from the fine film of moisture which 
covered the Azalea buds or from the minute drop of dew in the 
forks of the branches. I rlo not know if the fluid on the buds 
contained any dissolved albuminous matter or whether the 
ladybirds ate any of the fine hairs which outline each of the scale 
leaves. 

Clearly some of the ladybirds were willing to eat if given the 
opportunity, but there was no wild starvation rush to the sugary 
raisin. The movements of the ladybirds towards the raisins did 
not appear purposeful, but, as I have observed so often before, 
the insect seems to find its food merely by wandering and not by 
any directive instinct. Perhaps the time will come when we 
shall be able to find the means by which the ladybird and its 
food are brought together. It seems biologically unsound that 
the ladybird should just happen on its food, and yet the spider 
lives successfully by merely sitting still until the fly, apparently, 
happens into her web. 

Altitude and Hibernation. 

Several other massings were reported in the Valley, but I did 
not have time to locate them. 

As far as I could learn, the ladybirds hibernated in the 
Yosemite Valley and not on the surrounding mountains, but in 
such a great area very little is as yet known. A number of 
authorities now believe that canyons and valleys, rather than 
mountain-tops, are the usual position for hibernating in the 
Sierra Nevada Mountains of California. The mountain currents, 
either hot or cold, are very strong and well defined throughout 
the Sierras. They are indeed so limited that even the unscientific 
and unimaginative mind realizes them as definitely as if they 
were visible streams of water. 

Over the Yosemite Valley the currents are so strong that 
aeroplanes are not allowed to land in the valley. How far these 
currents of air affect the movements and hibernation of ladybirds 
is an interesting and debatable question. 

At some places in the Rocky Mountains the ladybirds are 
found on the highest points, but the only place of this kind that 

46 * 
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I visited was Horse Tooth Mountain, 7160 feet, in northern 
Colorado, ou the eastern side of the Rockies. The Horse Tooth 
is an isolated bare mass of rock, and has growing on it, here 
and there in its rough crevices, small tussocks of grass with 
from one to six inches of soil underneath. Miriam Palmer and 
George List, of the State Agricultural College of Fort Collins, 
reported that numbers of Hippo darnia convergms had been 
repeatedly found hibernating on this height. We went there on 
November 21, 1925, and, although there were no living Hippo- 
damia , there were elytra of dead ladybirds on or in the soil even 
when the tussocks of grass grew in the most exposed positions 
possible. A few elytra, the red considerably faded, were found 
two inches beneath the soil. Periodically the ladybirds had 
come and some dead were left behind. 

Fig. 2 shows the eastern range of the Rocky Mountains with 
the Horse Tooth as the highest point. The foreground, 4994 
feet, is the edge of the great plateau which stretches across the 
American continent. 

The contrast between the conditions of the hibernating 
Hippodamia here and in the Yosemite Valley, as regards 
situation and altitude, is extreme. In both places the insects 
would pass some months under the snow. In the Yosemite the 
ladybirds are at an altitude of 3960 feet near the base of a 
mountain which has an altitude of 7214 feet, and in Colorado 
the ladybirds are at a height of 7160 feet at the top of a range 
that drops quickly, but not suddenly, to a flat plateau of 4994 
feet ; in both situations there is a difference of over 2000 feet 
between the level and the mountain- top. 

Air-currents and their Relation to Ladybirds 

FOUND ON MOUNTAIN-TOFS. 

As the effect of air-currents upon the movements of ladybirds 
is fundamentally a physical and not a biological problem, I 
submitted certain queries to Dr. Shakespeare, Lecturer in Physics 
at Birmingham University, to whom I am indebted for much 
that follows. 

The chief problems are, when biological forces have collected a 
large number of ladybirds together, 

( 1) What may happen to them if they fly into a current of air ? 

(2) How can a current of air deposit them on the top of a 
mountain ? 

We next need to know if and how much, ladybirds are helpless 
in a wind. It is certain that the ladybirds in the great gales 
that blow along the eastern side of the Rookies, and which are 
so Strong that they pan stop a high-powered car, would have no 
volition and would just go where they were carried. 

At times winds have certainly blown ladybirds to destruction i 
for instance, there are a number of records of C. aepUmpunctota. 
being blown put to sea and drowned in enormous numbers, in 
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England, in late summer or early autumn, and Johnson (5) says, 
speaking of the conditions in the Western States, “ Thase beetles 
(Eippodamia) are found in great numbers in the flotsam of the 
shore of large bodies of water when a certain sequence of winds 
occurs.” 

A flight of ladybirds might be caught by an air-current which 
was going up a mountain on its windward side. The air moves 
up the side of the mountain, curls over the top, twists down on 
the leeward side, and then, making a curl towards the earth, 
turns upwards towards the summit, so that the minimum speed 
would be on the leeward side, just below the top. 

The minimum buoyancy will always be at the highest point. 

If the wind up the side of the mountain is very gentle, there 
is no reason why the ladybird should not drop on to the ground 
whenever it so wished, but if the rate of the wind-movement 
was strong there must be a definite rate when the ladybird could 
not drop, its weight being so small in relation to the speed at 
which it was being carried along. 

Any considerable change in altitude — say, from sea-level to 
1000 feet, or from 3000 feet to 8000 feet — would cause the lady- 
bird to drop owing to diminution of buoyancy. It is conceivable 
that a gale blowing ladybirds from the plateau at 5000 to the 
top of Horse Tooth at 7100 might so quickly reduce the buoyancy 
that they would be killed. 

There are two principal factors involved— the rate of the wind 
and the rate of the reduction of the buoyancy. 

The chance of the ladybird falling to the ground would be 
greatest when there is a combination of a minimum velocity and 
a, minimum of buoyancy; this position will probably be just 
below the summit on the leeward side of the mountain. If they 
were deposited in this position by a wind, they would, owing 
to their undoubted tendency to go upwards, probably finally find 
their way to the top of the mountain. 

The other factor to be considered is cold. Would the reduction 
of the temperature at the top of the mountain be sufficient to 
cause a sudden drop to the ground in that particular position ? 
The reduction of temperature between the valley and the 
mountain -top is not sudden, but gradual, about ten degrees for 
•every 3000 feet. If there is a minimum temperature at which 
ladybirds would automatically seek shelter, and that is, I think, 
sufficiently clear, even from my rough experiments in the 
Yosemite Valley, that temperature might be reached, and the 
ladybirds drop anywhere between the valley and the summit, and 
not necessarily at the top. The effect of cold alone would not, 
therefore, be expected to play a big part in making the ladybirds 
take up their position on the top of the mountains. 

We do not yet know how far ladybirds can adapt themselves 
to rapidly changing altitudes, but we do know that man has 
•considerable difficulty. As soon as material is available, ex* 
penmen ts will be made to elucidate this point* It may be that 



704 


MBA. 0. A. M. HAWKE8 OK THE 


the ladybird that has grown to maturity at sea-level is quit© 
incapable of living at an altitude of 8000 feet, and that, unless 
caught in a gale, it would automatically settle and hibernate at 
much lower altitudes. 


Summary. 

1. Crude experiments in the Yosemite Yalley show that 
Hippodamia convergens responds by movement to both light and 
heat stimuli, whether separate or combined. The optimum for 
each has yet to be determined. 

2. The capacity to respond depends upon the length of time 
since hibernation began. A seasonal physiological insensi- 
tiveness to stimuli may be of considerable survival value. 

3. Hippodamia convergens ate raisins, which they appeared to 
find by chance, and some continued to eat even when the low 
temperature had driven most to shelter. 

4. Hippodamia convergens may be found hibernating in large 
masses at a variety of altitudes, but what determines that 
altitude is not yet known, or whether ladybirds which have 
grown in an altitude of, for example, 1000 feet would be 
physiologically capable of hibernating at an altitude of 7000 
feet. 

5* When biological forces have collected ladybirds in large 
numbers, then only, air-currents may have considerable effect 
upon their distribution and the positions where they ultimately 
hibernate. 

6. Air-currents of great velocity might destroy ladybirds. 

7. The effect of change of buoyancy upon ladybirds has yet to 
be determined. 

My thanks are due to Professor Carlier for allowing me to do 
heat and light experiments in his laboratory at Birmingham 
University, and to jbr. Essig for the use of his photograph. 
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EXPLANATION OP THE PLATE. 

Pig. 1. The Eastern side of the Hooky Mountains in Colorado. The foreground 
has an approximate elevation of 5000 feet, and the highest summit, Horse 
Tooth, where the ladybirds hibernated, is 8000 feet. 

2. The end of the Yosemite Valley. In the foreground is the patch of leafless 

Azaleas where the ladybirds were hibernating. The foreground of the 
picture is 3960 feet altitude, and the high mountain to the right is 8862 
feet. Beyond the Azaleas is a small field, then an apple orchard, where 
large numbers ot' Rippodamia had been found at one period in the summer, 
and close to orchard there are pine-trees. 

3. A nearer view of Horse Tooth Mountain showing the bare rocks. 

4. Avion phagiatum (Oliver) hibernating in a corn-cup of Quercui lobata ; 

this shows a definite orientation of the body. 

(Photograph kindly lent by Dr. Essig of Berkeley University.) 
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33. Worm Parasites of Rats in the Zoological Gardens. 
By R. T. Leifeu, M.D., D.Sc., F.R.S , F.Z.S., London 
School of Hygiene and Tropical Medicine. 

[Head June 1, 1926.) 

For many years systematic examinations have been made of 
the animals dying in the Zoological Gardens, and records been 
kept of the entozoa found. No search appears to have been 
made for entozoa in the vermin living in the Gardens, although 
the introduction of many exotic species of rodents might have 
suggested that the rats in the Gardens might have acquired an 
usually interesting fauna. 

Through the co-operation of the Superintendent, Hr. G. 
M. Yevers, 14 brown ints were caught in the Society's Gardens 
during the past winter. The number of species of helminths 
was disappointingly small when compared with those listed by 
Balfour in his paper (1922) entitled “Observations on Wild 
Rats in England with an Account of their Ecto- and Endo- 
parasites.” Out of 430 brown rats, the following parasites were 
recorded by him : — 



Per cent. 

Hymenolepis diminuta 

28-4 

„ nana 

26*1 

Heligmosomum braziliense 

8*6 

„ veaillatum 

02 

Viannaia sp. ? 

0*7 

CapiUaria annulosa 

0*4 

Trichosomoides crassicauda 

48*3 (out of 333). 

Cysticercns fasciolaris 

Common. 

Hepaticola hepatica 

Once. 


No flukes occurred, and the only tapeworm found by us in the 
14 rats was a single specimen of Hymenolepis diminuta . No 
larval tapeworms occurred in the liver. In 5 out of the 14 rats, 
the liver showed serpenticular whitish streaks indicative of 
infection with CapiUaria hepatica . In the bladder- wall Trichoso- 
moides craasicauda was common. In the lumen of the gut two 
species occurred, viz., Protospirura muris adults in the stomach 
of one case and the macerated females of a form probably 
identical with Heligmosomum braztliense in the intestine of two 
cases* In 7 out of the 14 rats CapiUaria were found in the 
mucosa of the oesophagus, stomach, and small intestine. In one 
rat immature adults of Protospirura muris were found in the 
stomachrwaU and in the mesentery attached to the stomach and 
liven These forms appear to be identical with those named by 
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Rudolphi Filaria musculi, for they correspond in position with 
the description given by Rudolphi, viz. “ Hftb, in abdomine 
Hurts musculi circa ventriculum et hepar.” 

Recently Baylis and Daubney have given Filaria musculi 
Bud., 1819, as type of Gongylonema on the assumption that 
Gongylonema minimum Molin, 1857, is a synonym of Filaria 
musculi . In this they have followed Hall (1916), but the type 
of Gongylonema must he Gongylonema minimum Molin, 1857, or 
Gongylonema must replace Protospirura and Myzomimus Stiles, 
1892, be restored for the genus winch is now called Gongylonema. 

The most important and interesting find in the Zoo rats was 
the roundworm, Gongylonema neoplasticum , which is now recorded 
from the British Isles for the first time. This species is common 
in South America and the West Indies, and has been found in 
Europe only in Denmark and Holland, in or near sugar factories 
at the large ports. The usual intermediate host is Periplamta 
americana, which is brought to Europe in sugar cargoes. This 
cockroach seems to have been established in the Reptile House 
of the Zoological Gardens for several years, and has been used for 
class purposes by many teachers of zoology. It is surprising, 
therefore, that the larval stages of Gongylonema neoplasticum 
have not yet been recorded from these cockroaches by zoologists 
in this country, for out of 180 specimens collected from the 
Reptile House 143 were infested with the larva?. It is evident 
that the infection of Gongylonema found in Zoo rats is derived 
from these cockroaches. 

The genus Gongylonema contains a number of other species 
besides that found in the rat. These usually occur in ruminants, 
but none have been reported from the British Isles, and recent 
investigations in Scotland by Cameron (1923), and in England 
and Ireland by the collectors of the Institute of Agricultural 
Parasitology under my direction, have given entirely negative 
results. 

During the last two or three years, the Jay press has put 
prominently before the public the view that “Cancer Houses” 
are well-established realities, and the unequal geographical and 
topographical distribution of cancer in man in certain localities 
has been associated by Dr. Sambon with the presence of rats 
and cockroaches in these so-called “ Cancer Houses.” Dr. Samhon 
has assumed (1925, p. 65) that “ the Gongylonema, known to lie a 
cancer-producing agent in the rat, seems an equally likely factor 
in the incidence of cancer among human beings in certain regions 
such as the Romagna and the Treniinof’ where u the disease 
affects principally the upper portion of the alimentary tract,” 
As acceptance of tils views would imply that in the Zoological 
Gardens we had a potential source of public danger, it seems 
desirable to state grounds for believing these to be untenable. 

Prom the published reports of investigations made in Italy by 
Dr. Sambon (1924-4925), Beylis, and other members of the 
British Museum Staff (1924 a, 1925 5, 1925 c) in the Italian 
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villages where cancer in man is so rife and where they carried 
out their investigations it is evident that 

(a) Gongylonema neoplasticum does not occur there in the lat ; 
it does not appear to have been recorded from Italy. 

(b) The natural intermediate host, Periplaneta americana , does 
not occur, while Blatta oriental is, a possible alternative 
intermediary, is similarly absent from certain notorious 
cancer villages, e. g,, Yilla Lagarina. 

(c) No case of Gongylonema neoplasticum has yet been found 

in man in Italy or elsewhere. 

(d) Cockroaches and other vermin collected from healthy and 

“cancer” houses have not been fouud infected with 
Gongylonema larvae. 

(e) Cancerous growths have never been found associated with 

any other species of the genus Gongylonema . 

Sambon (1924) and Bavlis (1925 a) found that sheep and 
cattle in the neighbourhood of the Italian villages where they 
made their investigations, were commonly infected with another 
species of Gongylonema , but they have failed to show any corre- 
lation between these field infestations and the pecu liar limitation 
of cancer to certain houses or streets in the villages surrounded 
by these infected fields. 

Baylis (1925 h) has succeeded in showing that the case of 
Gongylonema recorded by Alessandrini in a young woman, was 
due to infection with the same species as that found in the Pig, 
viz., Gongylonema pulch rum . It is significant, however, that in 
the recent publication by Baylis, Pan and J. Sambon, there is no 
mention of the presence of G. pnlchrnm in pigs in the villages 
of the Trentino. Bavlis (1925 c) has published, however, a 
review of the species of the genus Gongylonema in which he 
holds that the forms found in sheep and cattle, and hitherto 
named G . scutatum, are identical with, or merely host variations 
of, G . pulchmim, of pigs, and he merges G. scutatum in the 
synonymy of G. pulchrnm. He also goes so far as to suggest 
that G. neoplasticum may be similarly merged, the differences 
in size and in certain measurements being possibly due to host 
influence. The subject is one which, as he says, can only be 
determined byexperiment. It is, however, germane to the present 
discussion, for the hypothesis that Gongylonema scutatum of 
sheep and cattle, Gongylonema pulchrum of pigs, and Gongylonema 
neoplasticum of rats are identical and interchangeable forms, 
might now be used in support of Dr. Sambon’s views, although 
it would be difficult to find adequate reason for assuming, in 
lieu of evidence, that rats infected in the fields with Gongylonema 
from farm animals by eating dung-beetles, should return in- 
evitably to those houses or streets where cancer cases had 
previously occurred. Moreover, there is the difficulty of finding 
among the Vermin of “cancer-houses ” say, in the village of 
Yilla Lagarina (vide Baylis, Pan and 3 . Sambon, 1925), a suitable 
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intermediate host which would convey the infection, if it were 
eaten uncooked by man. 

The material obtained from the cockroaches in the Zoological 
Gardens has enabled us to solve by experiment the question of 
the variability of the characters of Gongylonema in the rat. 
Infected specimens of Periplaneta mn trican a were divided 
longitudinally. One half was fed to laboratory-bred rats, the 
other to lambs bred on the Experimental Farm of the Institute 
of Agricultural Parasitology at St. Albans. Two series of experi- 
ments were carried out. From the first, 17 adult Gongylonema 
were recovered from the rat and one from the sheep. In the 
second, four adult Gongylonema were found in the rats, and four 
in the sheep. The male w orms from both kinds of hosts were 
practically identical, as shown by the measurements giv^n in the 
accompanying table. Moreover, they corresponded very closely 
with the measurements obtained from adult Gongylonema neo- 
plasticum found in the Zoo rats and with those given by 
Baylis (1925 a) for G. neoplasticum. These results are positive 
and conclusive. They show that although Gongylonema neo- 
plasticum can under experimental conditions be developed in 
sheep, in that abnormal host it retains the morphology which is 
characteristic of it in its normal host, the rat. 


Total length of 
adult male .... 

Length of right 
spicule 

Gongylonema neoplasticum. 

Q. scutatum. 

Lay Lis. | Experimental Infections by Leiper. 

Batlib. j 

Sheep. 
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mm. mm. 
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34. Gapes. By R. T. Leiper, M.D., D. Sc., F.R.S., F.Z.S. 
(Professor of Helminthology in the University of 
London, London School of Hygiene and Tropical 
Medicine). 

[ Head J une 1, 1926. J 

One of the most important causes of losses in the poultry 
industry is the (lape-worm (Synyamua tracfiealis ), which causes a 
heavy mortality every spring in young chickens. Those which 
survive are dwarfed and of poor physique. 

Several years ago Dr. Chalmers Mitchell, Secretary of the 
Society, drew my attention to the need of renewed investigations 
to clear up many important points in the life-history and mode 
of spread of this parasite. Although I was unable to undertake 
the proposed enquiry at that time, I always kept his suggestion 
in mind and was able a few years ago and more recently to 
provide opportunities to some of my colleagues in the Institute 
of Agricultural Parasitology to take up the problem. Two years 
ago Dr. Ortlepp published the results of his study of the various 
stages in growth of the parasite from egg to adult. This work 
was carried out under conditions which excluded the intervention 
of any intermediate hosts. He showed that the complete cycle 
took place within one month and that the earth-worm, if it played 
any part, as suggested by Walker, was unessential. In America 
Ransom had shown that the Turkey when full grown was an 
important carrier of the Cape-worm, and he maintained that the 
Turkeys enabled the parasite to bridge a period from one spring 
to another, for the adult Hens were never found to harbour the 
parasites. According to hi- view, gapes was rife in chickens 
wherever turkeys were also kept on farms, and the abolition of 
the turkey would bring about an extermination of the disease in 
chickens. This view has been strongly supported in this country 
by Shipley and others. It does not, however, meet the whole 
situation here, for there are many authentic cases where gapes 
has suddenly appeared on poultry farms wheie turkeys have 
not been kept. Important light has recently been thrown on 
this mystery by E. A. Lewis, who, in the course of an examination 
of wild birds, found that no less than 35 per cent, of 482 starlings 
killed during the months November to February during the 
past winter were infected with gape- worm, and he has maintained, 
in a paper just published in the May number of the ‘Journal of 
Helminthology, 1 that the migration of starlings plays a very 
important part in the spread of gapes. Lewis’s figures were 
based on starlings shot around Aberystwyth ; near St. Albans, 
about Easter time, 18 starlings were examined, of which 4 (t.e., 
22 per cent.) were infected. 
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The gape-worm of the starling, however, lias been described 
as a distinct species by Schlotthauber and named Syngamm 
pugionatus . It seemed necessary, therefore, to determine ex- 
perimentally if infective eggs derived from the starling could 
produce gapes in chickens. This has recently been done by us 
under carefully controlled conditions, and heavy infections have 
resulted. There seems no doubt, therefore, that the starling is 
probably an important and hitherto overlooked factor in the 
distribution of gapes. It is not the only one, however, for the 
turkey in this country is also a carrier of the gape- worm, and, 
as Dr. Ortlepp showed, infective eggs from the turkey can 
produce the disease in chickens. Of 70 turkeys killed for 
Christmas at farms around St. Albans 11 (». e., 15 per cent.) 
harboured gape-worins. In the turkey and in the starling only 
one or two worms are usually found under natural conditions. 
The adult pheasant is also known to harbour gape-worms, and 
one which died recently on Winches Farm was found infected. 
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Fig. 4 


Fig. 3. Wall of follicle. 

Fig. 4. Medullary region, ovary. Ormthorhynchu 
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Fig. 6 

Fig. 6. Medullary region, ovary. 

Fig. 6. Atretic follicle. Ormthorhynchus. 
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Fig. 9. 
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Fig 9. Corpus luteum, 8tage IA. 
Fig. 10. Corpus luteum, 8tage II. 
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Fig. 12 

Fig. 11. Corpus luteum, Stage II. 
Fig. 12. Corpus luteum, 8tage III. 
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Fig. 14 

Figs. 13, 14. Corpus luteum, Stage IV. 
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Figs. 16, 16. Corpus luteum, Stage V. 
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Fig. 18 


Figs. 17, 10 Corpus luteum, hhnlnn. Stage VI. 
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Fig. 19. Corpus luteum, luhuhui , Stage VI. 
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35, The Corpus Luteum of* the Monotremata. By Professor 
J. P. Hill, F.R.S.,F.Z.S., University College, London* 
and Professor J. Bronte Gatenby, D.Sc. (Lond.), 
D.Phil. (Oxon.)i Trinity College, Dublin. 

[Received June 1, 1026: Read June 15, 1026.] 

(Plates I.- X. ; Text-figures 1-11.) 

(From the Department of Embryology, Institute of Anatomy, University 
College, London.) 
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Introduction. 

In this paper we have given an account of the formation and 
structure of the corpus luteum in Ornithorhynchus , supplemented 
by some observations on that of Echidna . The corpus luteum 
of the Monotremes proves to be a remarkably well -developed 
glandular organ, essentially similar to that of the higher Mammals 
but presenting peculiarities of its own and of considerable 
interest from the point of view of its histogenesis and its minute 
structure, and in its bearings on the question of the functions of 
the corpus luteum in the Mammals generally. We are able to 
demonstrate that the luteal cells which reach a relatively large 
size, and are, unmistakeably, functionally active elements, are 
derived exclusively from the cells of the follicular epithelium ; and 
we are also able to sho^y that the cells of the theca interna, 
which remain distinct from the luteal cells, participate with 
the fibrous theca externa in the formation of the organ. We 
have given some account of the minute structure of the luteal 
PiiGc. Zool. Soe. — 1926, No. XLVII. 47 
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cells and of the changes in their nuclei, but owing to the lack of 
suitably fixed preparations we have not been able to discuss as 
fully as we should have liked the history of the cytoplasmic 
organs (Golgi- bodies and mitochondria) and their relations to 
the secretory products which are elaborated, as in the higher 
Mammals by the luteal and theca-interna cells. 

The material of Platypus , though not very extensive, is 
adequate* for the main purpose in view, and was fixed in a 
variety of fluids (Picro-nitric Acid, Picro-nitro-osmic Acid, 
Zenker's and Flemmings Fluids, Formalin), and for general pur- 
poses is on the whole well preserved. Most of it was obtained in 
Australia by one of us (J.P.H.) in the years 1896-1905 with the 
aid of grants from the Government Grant Committee of the 
Koyal Society, and comprises the ovaries of females, shot in the 
months of August and September, with the object of obtaining 
the intra- uterine stages of development of the eggs, some of 
which have been described by WiL>on and Hill in their paper on 
the development of Ornithorhynchus (43). 

No systematic attempt was ever made to obtain females after 
laying, and consequently we have no authenticated material from 
brooding and lactating females of Platypus, and are unable to 
give any account of the later history of the corpus luteum in this 
species. We possess, however, the ovary of an Echidna killed 
shortly after the laying of the egg (our stage VI) which has 
proved of value, since it has enabled us to demonstrate that the 
corpus luteum, at the time of the laying of the egg, is in active 
regression. 

No attempt is made in this paper to correlate the stages in the 
formation of the corpus luteum with the structural changes in 
the uterine portion of the oviduct and in the mammary glands. 
Our material of the latter is, unfortunately, somewhat fragmen- 
tary, but a description, by Miss 0. J. Hill, of the uterine changes 
during pregnancy is nearing completion. 

The staining of some of the serial sections we have used in this 
work was carried out some years ago by Dr. (now Professor) 
C. H. O’Donoghue, with a view to collaboration with one of us, 
but circumstances prevented the carrying out of that plan. 

Our existing knowledge of the corpus luteum in the Mono* 
tremes is extremely scanty. Various authors, Sandes (37), 
O’Donoghue (33), Marshall (37), have testified to its existence, in 
view of the opinion of Bom (expressed by Fraenkel A Cohn, 13) 
and others that a corpus luteum was rudimentary or absent in 
the Monotremes as well as in the Marsupials. But the existence 
of a corpus luteum hp the Monotremes could readily have been 
inferred from the description of Owen, published in 1834, and 
was definitely established by Caldwell m 1887. 

In 1834, Owen (34) described and figured (pi. xxv, fig. 2) the 
corpora lutea in the left ovary of an Ornithornynchug with two 
ova, three lines in diameter, in the corresponding uterus. 
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He writes (p. 559): — “The discharged ovisacs [corpora lutea’ 
were of an elongated flask-shaped form, about three lines in length 
and two in diameter, with the margin of the orifice, through 
which the ovum and granular substance had passed, everted with 
a slight contraction, resembling the neck of a flask below the 
aperture. On compressing these ovisacs, small portions of coagu- 
lated material escaped. "When longitudinally divided, they were 
found to consist of the same parts as the ovisac before impregna- 
tion, with the exception of the granular contents and granular 
stratum ; but the theca, or innermost parietes of the sac, was 
much thickened, and encroached irregularly upon the empty 
space, so as to leave only a cylindrical passage to the external 
opening.” This description of the macroscopic appearance of the 
early corpus luteum is singularly exact and is directly applicable 
to the conditions obtaining in the corpora lutea of our Stage I, 
except for the fact that the “granular stratum 99 (presumably the 
follicular epithelium) still persists as the lining of the ovisac. 

Caldwell (7) in 1887, in his paper on the embryology of the 
Monotremata and Marsupial ia, makes brief mention of the mode 
of formation of the corpus luteum in the Monotreme (p, 472). 
lie states that, when the egg is received into the Fallopian tube, 

“ a few cells of the follicular epithelium remain attached to the 
pro-alhuinen. The majority of the follicular cells remain behind, 
inside the follicle, and there they multiply so rapidly that very 
soon the whole cavity of the follicle is occupied by gigantic cells 
derived from continued division of the follicular epithelium, 
l»etween which connective tissue cells ha\e also grown in from 
the walls of the follicle itself.” As stated in the sequel, we have 
not been able to observe any mitotic divisions in the follicular 
cells in our material. If such divisions do actually occur, we 
think they must he limited to an extremely short period, contem- 
poraneous with, and just following ovulation. Apart from this, 
we fully con linn (Jald well’s statements as to the origin of the 
luteal cells from the follicular epithelium and as to the presence 
of connective- tissue ingrowths from the thecal wall of the follicle. 

We may add, however, that we have never been able to observe, 
round the ripe ovarian ovum in our Ornithorhynchus material, 
the layer of “ pro-albumen 11 which he figures for Echidna (his 
pi. xxix. fig. 4) and describes as “ a dense homogeneous substance,' 1 
secreted by the follicular epithelium on its inner face, next the 
vitelline membrane. 

Marshall, who examined some of our slides of corpus luteum, 
states, in a footnote to p. 143 of his book on “the Physiology of 
Reproduction,” that “these sections show much hypertrophied 
and apparently fully developed luteal cells, but no trace of any 
ingrowth from the connective tissue wall of the corpus luteum.” 
This latter statement is due to an overnght since in suitable 
sections such ingrowths are readily seen. 

Blair Bell in his book on “ the Sex-Complex ” (5) illustrates in 
his fig* 4 a section of the ovary of Omtihorhynchu* showing what 

47 * 
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purports to be a corpus luteum and in Ins fig. 5 ft section showing 
a corpus fibrosum. Fig. 4 is certainly none other than an 
atretic follicle, showing the much thickened theca externa and 
the theca interna also thickened, end enclosing ft central cavity 
occupied by the degenerate remains of the ovum and its follicular 
epithelium. 

A.— The Ova nr. 

Whilst in Platypus the left ovary is alone functional, in 
Echidna we find that it is sometimes the left, sometimes the right 
which is functional. 

Text-figure 1 . 



Low-power view of section of ovary of Platypus (Stage II) showing corpus luteum 
(CL) and oocytes (00) in process of growth. CA, Cortical xone with young 
oocytes. CO. Remains of con nective- tissue core of corpus luteum. JBV. Blood- 
vessels. MO V, Mesovarium. 11ET. Medullary zone with connective-tissue 
trabecula* and lymph-sinuses. XX Atretic follicle. 

The general structure of the ovary in Platypus has already been 
briefly described by one of us (Gatenby, 14). . It may be recalled 
that it resembles that of the Saurop&ida in appearance owing to 
the fact that the oocytes as they grow In size come to form 
marked spherical projections on its surface (PI. I. figs. 1 <fe 2). 

The oocytes, large and small (text-fig. 1, 00), are confined to 
a remarkably narrow jfeortical zone (CA) mom or less folded and 
dense in character, whilst the main bulk of the ovary is formed 
by the central or medullary region (RET). This presents a very 
characteristic spongy or cavernous texture owing to the fact that 
it consists of a network of trabeculae carrying the blood-vessels. 
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whilst the meshes are occupied by large lymph-channels or sinuses 
(text-fig. i, and PI. 11. fig. 4, IS). 

Two oocytes usually attain their full size at the same time, two 
being the usual number of eggs laid by the Platypus at one 
sitting; they are generally situated in fairly close proximity 
ami form hemispherical projections from the surface of the ovary, 
with a diameter of 4*75 mm. or thereabouts. In the Monotreines, 
as is well known, no fluid-filled Graafian follicle is ever developed, 
the yolk-ladeu telolecithal oocyte measuring 4-4*5 in in. in 
diameter, occupying the whole of the space enclosed by the 
follicular wall. 

The oocyte is invested by the zona (vitelline membrane of 
Caldwell), which at the stage of the full-grown oocyte has become 
extremely thin, aud outside that is the follicular wall consisting 
from within outwards of the following layers: (a) the follicular 
epithelium, (b) the membrana propria, (c) the theca interna, 
(d ) the theca externa. 

Structure of the Follicular Wall . 

(a) Follicular epithelium . (Text-fig. 2, and PI. II. fig. 3, FC.) 

The follicular epithelium of the full-grown oocyte is formed of 
plump, glandular looking cells of varied sLe and form (oblong, 
cubical or polygonal), arranged somewhat irregularly so as to 
form a layer about two cells thick, though here and there a single 
cell may extend through the entire thickness of the layer. 

A somewhat remarkable feature of this layer is the presence 
of well-marked cuticular looking membranes which enclose and 
delimit the cell-bodies, and which on the one band unite to form 
a thin layer on the outer surface of the zona, and on the other 
pass into apparent, continuity with the membrana propria either 
directly or by way of delicate fibrils crossing an irregular series 
of vacuolar spaces situated between the membrana propria and 
the membrane limiting the outer surfaces of the follicular cells. 
These apparent cell-membranes stain similarly to the membrana 
propria, and the relations suggest that they are of connective- 
tissue origin, though in that case we find it difficult to understand 
how they originate. 

The nuclei of the follicular cells are large, darkly staining and 
ovoidal iu form, their long axes tending to lie tangentially to the 
surface of the egg. They exhibit a characteristic structure 
(Ph II. fig 3, and text-figs. 2 k 8 A). The nuclear reticulum is 
well marked and deeply staining, with small chromatic granules, 
especially distinct Mow the nuclear membrane. In the reticulum 
are situated a number of spherical nucleoli (three to six or more) 
presenting a characteristic ring-liko appearance owing to the fact 
that their peripheral zone is markedly basophil, whilst their 
eentrsd region is chromophobe. They thus appear after staining 
with iron hiematoxylin as minute black rings with a light centre. 
Around these nucleoli, the reticulum tends to be thickened, some* 
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times to such an extent, especially where two or more of them lie 
in proximity, as to produce the appearance of an irregular 
karyosome. Exceptionally there may be present, along with 
these ring-like nucleoli, a single large clear plasinosome like^that 
characteristic of the nucleus of the luteal cell. 


Texi>figure 2. 



High-powcr view of follicular wall of full-grown follicle (Platypus, III, a, 19.vii.01), 
The oocyte i* on the left, YE, it* yolk-sphere#, ZP. zona. PC. Follicular 
epithelium. MV. Membrane propria. TI. Theca interna with spaces SP. 
TE. Theca externa. BV. Capillaries, 

The follicular epithelium of the full-grown oocyte has a thick- 
ness of from *022 vbt *028 mm. The cells average in diameter 
about *022 x *015 mm, and their nuclei *0160 x *0097 mm. 

As originally described by Caldwell (7) and more recently by 
Gatenby (14), the young oocyte is enclosed by a single-layered 
epithelium. It is still single layered round the 2-3 mm. 
oocyte (text-figs. 3-5, FC)\ the ceils are small, brick-shaped or 
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cubical to flattened, and frequently appear isolated owing to 
the occurrence of curious gaps between them. Later, the cells 
divide, increase in size, and take on the irregular 2-rowed 
arrangement characteristic of the epithelium of the full-grown 
oocyte. 

We venture to emphasize the fact, which is perhaps not devoid 
of physiological significance, that the follicular epithelium remains 
during the growth stages of the oocyte, a relatively thin incon- 
spicuous layer and that it is only when the oocyte is completing 
its growth that it enlarges and along with the theca-interna cells 
takes on distinctly glandular characters. 

(b) Membrana propria. (PI. 1 1, fig. 3, and text-fig 2, MP.) 

Two views are held as to the nature of the so-called membrana 
propria, situated between the follicular epithelium and the theca 
interna, ( a ) that it lepresents the thickened basement membrane 
of the follicular epithelium, (b) that it is a derivative of the thecal 
conn ecti ve- tissu e i n vest m en t . 

In Platypus it varies greatly both in thickness and in appear- 
ance in different parts of its extent. It consists of a homogeneous 
matrix staining lightly with hematoxylin, which appears dis- 
tinctly fenestrated especially on its side next the theca interna. 
In its substance, as well as on its surface, occur numbers of small 
flattened nuclei, which we interpret as the nuclei of its formative 
fibroblasts. Fine capillaries actually lie imbedded in the matrix 
of the membrane, though sometimes they are situated between it 
and the follicular epithelium. We consider that the membrana 
propria here is unquestionably of the nature of a fenestrated 
connective-tissue membrane, its formative fibroblasts being pro- 
bably those which occur in the theca interna of the early oocyte 
(see below, p. 723, and text-figs. 3 & 5, AfPF ). 

(c) Theca interna . (PI. IT. fig. 3, 77, and text-fig. 2.) 

Outside the membrana propria, between that and the theca 
externa, is a discontinuous layer of small cells forming the theca 
interna. Quite absent in places, it varies from one to five ceils 
in thickness. At its maximum, it is nearly as thick as the 
follictilar epithelium. Apart from the capillaries that run in and 
through it in fair numbers, it consists of cells which we shall 
speak of as the theca-interna cells ; no fibres are present or at 
all events are recognisable in our preparations, though it should 
be mentioned that prolongations from the collagenous material 
of the basement membrane pass into continuity with the cell- 
membranes and may perhaps form them. The cells are much 
smaller than those of the follicular epithelium, and are ovoidal or 
brick-shaped in form. Though their bounding cell -membranes 
are usually distinct, it is sometimes difficult to define their limits. 
Their cytoplasm stains 1 -ather lightly and is coarsely alveolar in 
texture. Frequently it is definitely vacuolated, and then the 
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layer presents a loose, sponge-like appearance. The nuclei are 
ovoid a 1 or spherical (*0068 X *0048 mm. in average diameter), and 
possess a distinct reticulum and a well-marked karyosome, 
minute ring-like nucleoli are also present. 

In the theca interna of the full-grown follicle we have never 
observed spindle-shaped cells or fibroblasts intermixed with the 
theca-interna cells. 

Unfortunately, the lack of fully osmicated material prevents us 
from elucidating the significance of the vacuolisation of the theca- 
interna cells 

In the Pig, Corner (9, p. 141) describes the theca interna as 
consisting of “ three to five layers of large * epithelioid ' cells.” 
He states that in Bou in -fixed material the theca cells present 
a honeycombed appearance owing to the pmtnce of 'tacuoles, 
** due, at least in part, to the piesence in the fresh tissue of 
granules of a fat-like substance packed closely into the theca 
cells.” From its reactions, he assumes that ft is “ of lipoid 
nature but is perhaps not a neutral fat.” In addition, he states 
that many of the theca cells contain, instead of lipoid granules, 
vacuoles filled by a material w hich is not rendered insoluble by 
combination with osmic acid. 

In the Sat, Long k Evans (24, p. 38) state that “in the ripe 
Oraafian follicle just preceding rupture one may observe that the 
cells of the theca interna are well laden with fair-sized Jipoid 
spherules which blacken readily with psmic acid. 1 * 

(d) Theca externa. (PI. II. fig. 3, and text-fig. 2, TE.) 

At the stage of the full-grown oocyte, the theca interna is 
clearly marked off from the outer layer of the follicular wall, 
the theca externa. This consists of a well-marked la)er of white 
fibrous connective tissue, the nuclei of its related fibroblasts 
appearing as elongated flattened structures, situated between the 
fibre-bundles. In the Pig, Corner (9) states that smooth muscle- 
fibres are present in the theca externa, but they are absent in 
Platypus. Further, preparations specially stained for elastic 
fibres failed to yield definite evidence of their presence, though 
the elastic fibres in the arterial walls were specifically stained. 
It would therefore appear that white or collagen fibres are alone 
present in- the theca externa in Platypus. 

Origin a/ the Theca interna* 

In view of the subsequent history of the theca-interna cells, we 
have endeavoured to determine theft origin. The early oocytes 
Up to a diameter of bout *5 mm. are surrounded, externally to 
the follicular epitheliuh, by a thin fchecalcoat composed of concen- 
trically-arranged small flattened cells derived from the ovarian 
stroma. By the time the Oocyte has attained a diameter of 
•STfi mm., the primaiy thecal Investment, bow thicker, Is die- 
tinguishable in jiropaietjons sf aihed by hmnrntoxylin followed by 
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Pasinis stain into an inner purely cellular zone and an outer 
blue-staining fibrous zone. 

In the 2 mm. oocyte (text-fig. 3) stained by the same technique, 
these two zones are perfectly distinct. The outer zone, the 
thicker of the two, represents the theca externa ( TE ), and 
consists of blue-stained fibre-bundles in between which are 
situated the spindle-shaped fibroblasts with red-stained nuclei. 

Text-figure 3. 


follicular wall of oocyte, about 2 nmi. in diameter. 

FC. Follicular epithelium, TI. Theca interna, with nuclei of fibroblasts (MPF). 
TJ8. Theca externa. YE. Yolk-spheres of oocyte. ZP. Zona. 

The inner zone (theca interna, 77), stained of a reddish tint, is 
thinner than the outer and is purely cellular, consisting of 
several strata of small compactly-arranged cells, with flattened 
rod-like or oblong nuclei. In addition, there are present here 
and there, nuclei ( MPF ) which are of more elongated form and 
stain more deeply than the others. These, we think, are possibly 
the nuclei of the fibroblasts which are concerned in the formation 
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of the fenestrated membrana propria. Capillaries are already 
present in the theca interna (text-fig. 4, BV). 

We conclude that the stroma-cells of the primitive theca give 
origin on the one hand to the cells of the theca interna and the 
fibroblasts of the membrana propria, and on the other to the 
fibroblasts of the theca externa. This conclusion is in agreement 


Text-figure 4. 



Follicular wall of oocyte, about 2*76 mm. in diameter. 

JBV. Capillary in theca interna. FC. Follicular epithelium. TI. Theca interna. 
TE. Theca externa. YE. Yolk-ipheres of oocyte. ZY. Zona. 

with that of B. M. AjiW (1) that in the Rabbit the thoca externa 
and theca interna are both derived from the oonneotive^iuue 
stroma of the ovary. 

Already in the 2*78 mm. mad the 3 mm. oocytes (text-figs. 
4 A 6. TI) the theca-interna cells have commenced to enlarge, 
bat they would seem to attain their definite characters only in 
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oocytes nearing the end of their growth -period. It should be 
understood that considerable differences in the degree of develop* 
ment of the theca interna are found in different follicles and even 


Text-figure 5. 

TI 



Follicular wall of oocyte, about 3 mm. in diameter. 

FC. Follicular epithelium. TI. Theca interna with nuclei {MFF) of supposed 
fibroblasts of mambratia propria. TE. Theca externa. YE, Yolk* spheres 
of oocyte. ZE. Zona. 

in parts of the same follicle (c/. the thickness of this layer in the 
2*75 nun. oocyte, text-fig. 4, with that of the 3 mm. oocyte, 
text-fig. 5). 

Medullary Region Of Ovary, 

One of the most striking features of the Platypus ovary to 
which Getenby has previously (14) directed attention, is the 
structure of the centraljor medullary region* This consists of 


726 


P&OF* J. P. Ulhl AND PBOF. J. B. OATEN BY ON 


an irregular network of connective-tissue trabeculae carrying 
numerous blood-vessels and enclosing numerous wide and corre- 
spondingly irregular cavities which are none other than enlarged 
lymph-channels of the nature of sinuses (text- fig. 1, and PI. II. 
fig. 4, L8). They are lined by an endothelial layer, often of 
considerable thickness, and are provided here and there with 
valves. Frequently one finds the blood-vessels of the trabecular 
stroma more or less completely surrounded by such sinuses. 
They occur directly below the cortical zone, with the result that 
the follicles as they increase in size bulge into them, and so 
come to be surrounded except on their outer surfaces u in a 
basket- like area formed by connective -tissue trabeculae and inter- 
vening lacunae filled with liquid " (Gatenbv, 14), an arrangement 
which is obviously ideal from the point of view of the nutrition 
of the growing oocyte. 

The contents of these lymph-sinuses are in many of our 
sections of a remarkable character. In the material previously 
studied by Catenby no contents were noted in these sinuses, and 
it was stated that they “seem to be occupied by a nan-corpuscular 
fluid,’’ but, since examining a more extensive collection, we have 
been able to find examples where the sinuses contain extra- 
ordinarily large quantities of formed material. The condition of 
the ovaries in our collection varied from examples in which the 
sinuses were devoid of visible coagula to others in which a 
structureless oxyphil substance was present (PI. II. fig. 4), and 
finally to examples where the sinuses contained a coagulum with 
large quantities of yolk-granules (PI. III. fig. 5, YE\ appearing 
mostly as irregular masses in varying stages of dissolution. 
Examination of such masses, especially in Pasini -stained pre- 
parations, reveals the fact that in many cases the yolk-spheres 
are actually intracellular, having been engulfed by phagocytic 
wandering cells. The entire process is worthy of detailed 
description, but need not detain us here. The presence of yolk- 
granules in these lymph-sinuses is to be explained as due to a 
peculiar process of follicular atresia referred to below, in which 
the oocyte for some unknown reason undergoes disintegration 
after the formation of the yolk-spheres, with subsequent rupture 
of the follicular wall and the release of the contents into the 
adjacent lymph-sinuses. 

The medullary trabeculae, in which are situated numerous 
blood-vessels, consist of a loose connective tissue, containing 
anastomosing bundles of collagen fibres and also bundles of 
smooth muscle-fibres. The connective tissue is vary rich in cells, 

R lasma cells being specially abundant, whilst aggregations of 
ymphoid cells are frequently met with. 

It is Worthy of note that we have foiled to find in the ovary 
of Hatypw any cells of the character of interstitial 0011% though 
Gatenby (14) has leeorded the existence of such in the testis. 

; As ecmcerttjs the lymphatics c# the ovary* the only other mammal 
we know of which Approaches tho de^ee of their 
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development, is Vesperugo noctula where, according to 0. van 
der Stricht ( 44 ), “ Jes lymphatiques engendrent de vaste carre- 
fours cloissones, des loges volumineuseh en communication Jes uues 
avec les autres par des ouvert tires de diom&tre variable *' (p. 645). 
Yen der Stricht believed that the lymphatic spaces and vessels 
absorb all the substances elaborated by the corpus luteum and 
transport them into the blood. 

Follicular Atresia . 

Degeneration ami resorption of ovarian ova (follicular atresia) 
are phenomena well known in the higher Mammals and also in 
the Reptiles and Birds (cf. Loyez ( 25 ), p. 193 & p. 266), but we 
know of no instance where the contents of the atretic follicles 
are directly discharged into the lymphatic system os is the case 
in Ornithorhyuch us. 

Follicular atresia is of common occurrence in the ovaries we 
have studied, and affects both small follicles with oocytes in which 
the yolk is not yet formed and larger follicles in the oocjtes of 
which vitellogenesis is well advanced. Tn most cases after the 
breakdown of the ovum, the thecal investments hypertrophy and 
form a thick -walled sphere enclosing the folded and more or less 
altered follicular epithelium and the correspondingly folded ami 
thickened zona, whilst the central cavity is occupied by the 
broken-down cytoplasm and the yolk-spheres, if such have been 
formed. In the small atretic follicles the degenerate contents are 
apparently resorbed in situ , but in the larger they would usually 
appear to be discharged directly through a break in the follicular 
wall, into an underlying lymph-sinus. Ultimately, the atretic 
follicles form spherical fibrous nodules in the cortical stroma of 
the ovary. 

The bursting of the atretic follicles into the lymph -sin uses is 
an extraordinary and, so far as we are aware, a unique phe- 
nomenon. It is illustrated in our tigs. 6 & 7 (Pis. III. & IY.). in 
both cases illustrated, it will be seen that the thickened follicular 
wall presents a defect or opening on its deep surface. The 
opening is bounded by a more or less definite lip which projects 
into the lymph-sinus underlying the follicle, and through it the 
contents of the follicle are in process of being discharged into 
the sinus. 

In PI. III. fig. 6, the greatly thickened thecal investment of 
the follicle is readily distinguishable into a more deeply staining 
and fibrous outer zone, and an inner more cellular zone, permeated 
by numbers of small capillaries. The outer zone represents the 
theca externa in whole or in part, whilst the inner zone may repre- 
sent the greatly hypertrophied theca interna, but is more probably 
a recently formed derivative of the theca externa . The membrana 
propria is still largely intact, whilst the one-layered and some- 
what degenerate follicular epithelium and the zona (thicker than 
normal) are thrown into irregular low folds and are prolonged 
through the opening into the lymph^sinus. The cavity of the 
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follicle is still largely occupied by the broken-down cytoplasm 
and the yolk-spheres of the ovum. 

Fig. 7 (Pl. IV.) illustrates a later stage in follicular atresia. 
The thecal coat is thick, but two zones are here not readily 
distinguishable in it. The follicular epithelium (FC) is still 
recognisable ; it has shrunken away from the theca and is folded 
and more or less altered. The zona (Z) is also markedly folded 
and thickened and, with remnants of the follicular epithelium, 
is seen to project through the opening of the follicle into the 
large and conspicuous lymph-sinus which underlies and partly 
surrounds the follicle. In this case, most of the contents of the 
follicle have been discharged into the lymph-sinus, a process 
which results in the engorgement of the medullary sinuses, as 
shown in PI. III. fig. 5. 

B. — Corpus Luteum, 

The general appearance of the ovary with early corpora, lutea 
is well seen in the photograph of the ovary reproduced as Pl. I. 
fig, 1. This ovary (Stage I, 0) measured 14 mm. in length x 
8*5 mm. in breadth and showed two corpora lutea, measuring in 
diameter about 3*5 mm. It was accompanied by A single uterine 
egg, 6 mm. in diameter and in an early stage of cleavage (? 19 
blastomeres). Theie are, however, two corpora lutea in the 
ovary, from which we conclude that one of the two eggs ovulated 
has been lost. The corpora lutea are projecting bodies situated 
in proximity in the mid-region of the ovary. The upper one in 
the figure shows the opening through which the oocyte escaped 
and which leads directly into the still persistent follioular cavity. 
It is bounded by an irregular lip, inside which are visible the 
folds of the lining of the developing corpus luteum. The lower 
one shows the corresponding opening bounded by a lip which is 
here quite definite and rim-like. In both cases, the lip is seen 
in the sections to be formed of enlarged follicular epithelial 
(luteal) cells. As w© shall see later, this protruding lip of luteal 
cells corresponds to “le bouchon epithelial obturateiir * of O, van 
der Strieht and to the “ Pfropf ” of German writers. Immediately 
to the right of the corpora lutea are two spherical projections 
produced by oocytes, less than half grown. Further to the right 
and also to the left of the figure, the characteristically corrugated 
surface of the ovary is well seen, with the smaller oocytes forming 
raised, rounded areas, distributed all over it. The two small 
white bodies projecting on the surface towards the left are 
probably atretic follicles. :r 

The ovary of our Stage IV shows the appearance of the 
corpora lutea at a later stage. The pvary measured 1 1*5 x 10 mm. 
in diameter. The uterus contained two eggs about 16*5 x 15 mm, 
in diameter, with embryos at a stage just a little later than 
Wilson A Hill's specimen H (4J)* The corpora lutea present 
the same projecting, ovoidal (potato-like) appearance as in 
ig. l y hat they are now distinctly larger* tie one measuring 
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4*5 mm. in height x 3*5 mm. in thickness, and the other, 
5x3 mm. On the blunt free extremity of each, there is visible 
a definite depression in the position of the opening in the earlier 
corpus luteum, but the opening is no longer patent nor is there 
a cavity in the corpus luteum. Both have become obliterated by 
the enlargement of the luteal cells. The latter, however, still 
project to form a “ bouchon 99 or “ plug ” at the original site of 
the opening, marked by the depression, and are here freely 
exposed. 

Text-fig. 1 represents a low-power view of a section through 
the entire ovary of Stage II ; the figure shows the relatively 
large size of the fully-formed coi*pus luteum ( CL ), the cortical 
zone of the ovary alone containing eggs (CA ), and the characteristic 
cavernous structure of the medullary zone (RET), The structure 
marked XX is an atretic follicle, which has ruptured into an 
underlying lymph -sinus and is in process of discharging the 
degenerated remains of the oocyte into the same. Another such 
follicle is shown in the figure just below XX, 

Finally in this connection we present the photograph of the 
right ovary of an Echidna, shown in PI. I. fig. 2. This ovary 
(Stage VI of our material) was derived from a female Echidna 
which laid a single egg whilst in captivity. The egg was found 
a day or two after laying, when the female was killed. 

The right ovary in this case was functional and measured, 
17 mm. in length, 7 ram. in greatest breadth, and 6 mm. 
in thickness. It exhibits a characteristically folded, corrugated 
surface, projecting from which are three medium-sized spherical 
follicles, two of them, a larger and a smaller, in contact, 
the third projecting from the right margin. Immediately below 
the two follicles in contact is seen the single corpus luteum, freely 
projecting, somewhat pear-shaped in form, and with a peduncu- 
lated base of attachment. It measured 4*5 mm. in height and 
3*5 mm. in thickness, and at its apical extremity exhibited a 
small circular patch or scar marking the point of closure. 


Table of Measurements of Corpus luteal Elements, 


Staffs. 

Luteal Tistue.] Lit teal Cel it . Luteal Xueleil 

Fall-grown 

oocyte. 

(a, 10. vii. 01.) 

I, A 

i (Follio. epi- j 

theitum) 1 

•022 X *016 mm. ! *0160 X *0007 
mm. 

2*0 X 1*97 mm. *026X*018 mm. . 010 X *012 mm. 

8*0X2*76 mm. *064X*037 mm. j*O24X*O10 mm. 

3*2X2*18 mm. *06X *037 mm. *027X *020 ram. 

8*7X2*0 ram. *047 X *035 mm. *026 X *019 mm. 

8*2X2*84 mm. *047 X *08 mm. *026X 017 mm. 

. 1 

*008 X ‘000 mm. 

*0078 X *0060 mm. 

*0070X 0067 mm. 

*0064X*0064mm. 

‘0006 X *006 mm. 

11 

Ill 

IV 

V 
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Formation of Corpus luteum. 

Stage I. 

We have grouped together in our first stage four ovaries, in 
regard to three of which we possess records relating to the intra- 
uterine eggs : — 

I, A, (No. 1. 19.viii.01). Ovary with two corpora lutea. Two 
intra-uterine eggs, 0 & CC, diameter 6*75 ram. The ovum 
of 0 after removal of the shell membrane and albumen 
measured in the stained sections, 3*8 x 3*7 mm. in diameter ; 
the ovum of CO measured in spirit about 4*5 mm. in 
diameter. 

Ovum C has recently been described by Gatenby <fc Hill 
(16). It is unsegmented, and probably at the stage of 
fertilization. The 1st polar body is separated off* and divided 
into two, the 2nd polar body is in process of separation. 

The corpus luteum (including the theca and the central 
cavity) has a diameter in section of 2*75 x 2*28 mm.; the 
luteal tissue (including the central cavity) measures 2*6 x 
1*97 mm. in diameter. 

I, B. (JN. 23. viii.01), with two intra-uterine eggs (A & AA) 
5*5 mm. in diameter ; ovum, 4 mm. The ova are in the 
8-celled stage of cleavage (< of. Wilson & Hill, 43 ). Of this 
ovary we possess only a very incomplete series of sections 
passing through the periphery of the corpus luteum. 

I, C. (JJ. ix.05). Ovary 14x8*5 min. in diameter, with two 
corpora lutea with a diameter in spirit of about 3*6 mm. 
(PL I. fig. 1). The single intra-uterine egg accompanying the 
ovary measures 6 mm. and the ovum 4*5 mm. in diameter. 
The ovum is in an early stage of cleavage (? about twenty 
blasfcomeres). The corpus luteum (including theca and 
central cavity) measures 2*5x2*08 mm., and the luteal 
tissue (including central cavity) 2*4 x 1*5 min. in diameter. 

I, D. (XII). Ovary with two corpora lutea. No record available 
of the intra-uterine eggs. 

Corpus luteum (including theca and central cavity) 2*85 x 
2*75 mm., and luteal tissue (including central cavity) 2*8 x 
1*8 mm. in diameter. 

It will be observed that the developmental stages related to 
three of these ovaries range from the unsegmented egg, through 
an 8-celled cleavage stage to one with about 20 blastomeres. In 
three of them certainly and presumably also in the fourth (I, B> 
the opening through which the oocyte escaped is still patent and 
leads into the hollow-interior of the developing corpus luteum. 

Ovary (I* A) is mmmly the earliest hut Is the best preserved 
of the four, and so has wen selected as the basis of the following 
description. * ■ : 

; lu fig. 8 (PL IV.) ia shown a kwrjpower view cl * section of a 
corpus luteum of this ovary* At OF it the opening through 
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which the oocyte escaped, the somewhat ragged margins of the 
aperture being formed by the cellular lining of the follicle. 
Partially filling the opening is the outer projecting extremity of 
an irregular mass which largely occupies the central part of the 
follicular cavity. This mass consists of an extensive clot of 
extrav&sated blood, intermingled with which are numerous large 
cells, especially abundant in the inner half of the cavity, and 
occurring either isolated or in groups. These cells are identical 
in character with those forming the superficial layer of the folli- 
cular lining, and it is obvious from the sections that they are 
simply detached cells of that layer (PI. Y. fig. 9). 

The lining of the follicle (PI. Y. fig. 9) is formed by an 
irregular folded layer varying in thickness from about *2 mm. to 
about *5 mm. and with a quite uneven surface. Closer exa- 
mination shows that it consists of two layers of cells, superficial 
and deep. The superficial layer is composed of large, deeply 
staining cells forming an irregular epithelium varying in thick- 
ness from two or three to twelve or more cells. The deep layer, 
of very different aspect to the superficial, is composed of cells 
much smaller and more lightly staining than those of the latter. 
It follows the irregular wavy contour of the superficial layer, and 
consequently is also of very variable thickness; in parts of its 
extent, it is only a few cells thick, in others, especially opposite 
the inward projections of the theca externa, where the superficial 
layer also happens to be thin, it appears locally thickened and, 
extending towards the free surface, may attain a thickness of 
*25 mm. or more. It appears to be in process of invading the 
superficial layer, and here and there the small cells have already 
penetrated between the bases of the more deeply situated super- 
ficial cells. This deep layer rests directly on the fibrous theca 
externa, a relatively thick layer, from the inner surface of winch 
arise a number of ridge-like projections which extend for a short 
distance into the cellular lining and which are better marked in 
ovarj* 1, D than in I, A (PI. V. fig. 9, TE ). Besides these con- 
spicuous projections, which, no doubt, owe their origin in the 
first instance, to the general contraction and folding of the 
follicular walls which result from ovulation, closer examination 


shows that strands of fibroblasts are already growing into the 
cellular lining, more particularly from the surfaces of the first 
mentioned projections. The ingrowing fibroblasts are as yet 
largely confined to the small-celled tissue of the deep layer (theca 
interna), though some few of them have already penetrated 
between the large cells of the superficial layer. 

Numbers of fair-sized vessels are present in the theca externa, 


branches of which pass into the cellular lining either by way of 
the thecal projections or directly, to form well-marked capillaries 
which have already made their appearance between the large 
oells of the superficial layer (fig, 9, B F). In addition, there are 

{ resent in the theca externa in I, D and to a lesser extent in 
, A, a number of localised blood extravasations (PL IY. fig, 8, MB). 


Prog. Zoou Sac*— 1926, No. XLYII1. 48 
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No trace remains of the so-called inembrana propria of the 
follicular wall, but apart from this, it is evident that the three 
layers of the wall of the intact follicle are still present in that of 
the ruptured follicle. The large cells of the superficial layer of 
the follicular lining, above mentioned, together with the free 
cells in the follicular cavity, represent, unquestionably, the 
follicular epithelial cells or their derivatives, somewhat hyper- 
trophied and in process of transformation into luteal cells, whilst 
the smaller cells of the deep layer, also without question, are to 
be regarded as the derivatives of the theca-interns cells of the 
ripe follicle. 

The intact full-grown follicle in Platypus measures about 
4*75 mm. in diameter, whilst the recently ruptured follicle in 
I, A measures only 2-75 x 2-28 mm. It has thus suffered a 
marked contraction (a phenomenon well known in other Mam- 
mals, of. Corner, 9), which has resulted in the thickening and 
folding of the follicular wall, in the rupture of some of the thecal 
capillaries with consequent hasmorrhages into the theca externa 
and the follicular cavity, and in the rupture and disappearance 
of the membrana propria, that membrane becoming broken up 
partly by the formation of the ingrowths from the theca externa, 
partly by the localised invasions of theca-interna cells into the 
follicular epithelium. The breaking up of the membrana propria 
is no doubt accompanied by the rupture of some of the capillaries 
situated in it, and the resulting extravasations might well account 
for the blood that is found in the follicular cavity. 

Corner ( 9 ) states that in the Pig, the theca interna is the 
layer most affected by the sudden collapse of the follicle after 
ovulation. In some of the folds resulting from the contraction, 
it is “violently torn apart "and its vessels “are not infrequently 
ruptured, with resultant hmmorrhage into the theca.” When 
these hamorrhagea are large, they may burst through the 
granulosa into the follicular cavity. He discusses at some length 
the question of the constancy and importance of hamprrhage 
into the corpus luteum in the Pig and other Mammals and comes 
to the conclusion that in the Pig, whilst not uncommon it “ is 
the exception rather than the rule and is of no anatomical or 
physiological importance.” With the latter pert of this quo- 
tation we are in agreement, but so far as our limited material 
allows us to judge, the occurrence of such hasmorrhages into the 
follicular cavity would appear to be the rule in Platypus. 

The presence in the follicular cavity of detached follicular 
(luteal) cells is also, we think, of no particular significance. Such 
cells have become separated, probably more or less accidentally, 
a* the result of the folding of the epithelium and consequent 
dislocation of its ceRs,:the enlargement of these latter and the 
passage between them of extravasated Mood. Some of the de- 
tached cells already appear awash or loss degenerate, but the 
majority look normal and might sveR peirsist te form luteal cells, 
a The detailed structure of the folHcular lining is IHustmted in 
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PL IV. fig. 9 and text-fig. 6. The follicular epithelium (forming, 
as already noted, a quite irregular folded layer of very variable 
thickness and with a very uneven sui'face) consists of large 
deeply staining cells, of variable often compressed shape, poly- 
hedral to cubical in the deeper parts, ovalisli to pear-shaped more 
superficially, where they tend to be loosely arranged. They 
average in diameter ‘OiGx’OlB mm., and their nuclei, *01 9 x 
*012 mm., and are appreciably larger than the follicular cells of 
the ripe follicle, the corresponding measurements being 0*22 x 
•015 mm., nuclei, *0109 x '0097 mm. Their cytoplasm is dense 


Text-figure G. 



Portion of wall of corpus luteum. Stage I, A, allowing the theca externa (TJC) and 
its ingrowths (TE l ), the theca interna elements (TL) syncytial-like and vacuo- 
lated (V) and two cells in mitosis (Ml), the luteal cells ( LC) in process of 
differentiation and the ingrowing capillaries (JBV). PM. Leucocytes. The 
arrow points towards the central cavity of the developing corpus luteum. 

and finely granular, and there are indications of the presence of 
mitochondria such as occur in the cytoplasm of the definitive 
luteal cells. The nuclei, like the cytoplasm, stain deeply and 
exhibit precisely the same structure as those of the follicular 
epithelium (%nte, p. 719), i, e. they possess an irregular karyosome, 
a well marked reticulum, and numbers of minute ring-like 
nucleoli, whilst the large clear vesicular body or plasmosome 
recorded as occasionally present in the nuclei of the follicular 
cells is now of much more frequent occurrence. 


48 * 
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An important advance on the intact follicular epithelium is 
now to be seen in the presence between the differentiating luteal 
cells of numbers of capillaries (fig. 9, BV ), of relatively large size 
and situated not far below the irregular free surface, the epithelial 
cells lying in direct contact with their endothelial walls. 

The theca-interna cells of the deep layer of the follicular lining 
(fig. 9, 2’I) are relatively small cells, the outlines of which in our 
preparations are only very occasionally visible. They vary some- 
what in site but are much smaller than the luteal cells. Their 
nuclei average in diameter *008 x ‘006 mm. ; they are ovoidal,. 
stain rather deeply, and possess a central karvosome and a 
reticulum with peripheral chromatin-granules. The cytoplasm 
like that of the cells of the intact follicle is vacuolated, and not 
infrequently the cell-body is occupied by a single spherical 
vacuole, the fluid contents of which we are probably justified in 
regarding as of a secretory nature. This vacnolation of the theca- 
interna cells is much more evident in ovary 1,0 than in 1, A, 
and as we shall see is also very marked in the theca cells of our 
Stage II. The theca-interna cells appear to be particularly 
active during the earlier stages in the formation of the corpus 
luteum, and in our view have a definite secretory function. 

The question whether or not the follicular epithelial and theca- 
interna cells have actually increased in number by division sub- 
sequently to ovulation is one to which we are unable to provide 
a definite answer, at all events in the case of the first mentioned 
cells. It looks at first sight as if there had been a considerable 
increase in the number of cells in both layers and more particu- 
larly in the theca interna, but this apparent increase may simply 
be due to the fact that the cells, as the result of the marked con- 
traction of the follicle, have become more heaped up over a much 
smaller surface area. We have not observed any definite 
evidence of mitotic division in the follicular epithelial (luteal) 
cells in this or any subsequent stage, and can only suggest that 
if such division occurs it must be limited to a quite short period 
just following ovulation when a sudden burst of division may 
accompany the release of the egg. Whilst we preserve an open 
mind in regard to the question of division of the follicular cells, 
in the Case of the theca-interna cells we have definite evidence 
(text-fig. 6, MI) that mitotic division does take place, though it 
is not by any means abundant in our preparations. Without 
such mitotic division, it is difficult to account for the marked 
local thickenings which the layer exhibits. 

The corpora lutea In the other ovaries of this stage call for no 
extended description since they are essentially similar to I, A. 

In X, 0, the theca-ihterrm cells are, as already mentioned, more 
markedly vacuolated than in I, A, and they have invaded the 
deeper zone of the follicular epithelium to a somewhat greater 
extent* Detached cells are much less abundant in the follicular 
cavity 4han in I, A* , ;*v / * 

* The corpus luteum of ovary 7, D shows an advance on I, A in 
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the greater development of the ingrowths from the theca externa, 
some nine or ten being visible in a single section of the entire 
corpus luteum. They are not only more numerous than in I, A 
but extend farther inwards, with the result that the folding of 
the lining is markedly accentuated. The folds consist each of the 
central fibrous axis and along this are situated numerous theca- 
interna cells with small deeply stained nuclei, and forming the 
covering of the fold is an irregular layer of enlarged follicular 
epithelial (luteal) cells. 

These fibrous ingrowths of the theca externa may be said to 
determine the general architecture of the corpus luteum. They 
are not mfere passive folds, but active ingrowths of the theca 
•externa and as they extend, the folding of the follicular lining 
becomes intensified and the follicular cavity becomes reduced to 
narrow clefts between the folds. The ingrowths at the same 
time serve as a framework along which the theca-interna cells 
spread and in which run many of the vessels supplying the luteal 
tissue. Finally, through the progressive enlargement of the 
luteal cells, the above-mentioned clefts between the folds become 
obliterated, nnd we have produced the solid corpus luteum as we 
find it in our next nnd succeeding stages. This mode of growth 
accounts for the indications of a rough pattern in the arrange- 
ment of the luteal cells which is sometimes recognizable in the 
fully-formed corpus luteum, the luteal cells showing a tendency 
to grouping in areas in relation to the fibrous ingrowths. 

Stage IL 

Ovary of female No. 2, 9. ix. 05 (VIII), with two intra-uterine 
eggs, measuring 6*5 and 6*75 mm. in diameter, and after removal 
of shell, 4*5 mm. in diameter. 

In the sections, the corpus luteum (including the theca externa) 
measures in diameter 4x3*12 mm., the luteal tissue alone 
measuring 3*9 x 2*75 mm. The ova are still solid and apparently 
in a late cleavage (blostodisc). stage. 

Judging from the condition of the ova, this stage is separated 
from the preceding only by a relatively short interval, neverthe- 
less the formation of the corpus luteum has, in that short time, 
made very marked progress. The whole structure has increased 
in size and it has become solid throughout, mainly as the result 
of the enlargement of the luteal cells, which have already attained 
at this relatively early period in the history of the corpus luteum, 
their maximum size. 

In text-fig. 1, (CL) is shown a low-power view of a section 
of the entire corpus luteum. Comparison with PI. IV. fig. 8, 
indicates at a glance the very striking advance which has been 
effected in the formation of the corpus luteum in this stage. 
Not only is the corpus luteum distinctly larger but the follicular 
cavity is now completely filled up by a solid mass of luteal tissue, 
whilst its opening is occupied by a projecting plug of the same 
tissue which is here freely exposed and devoid of any covering of 
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germinal epithelium. This protrusion of the luteal tissue has 
resulted from the rapid enlargement of the luteal cells inside 
the confined space of the collapsed follicle, no doubt facilitated 
by the large size of the opening through which the ovum 
escaped. In some cases, as in PI. VII. fig. 13, the protrusion 
of luteal tissue is even more marked thou in the present ovary, 
the plug having overflowed marginally to form a rim-like lip, 
overlapping the adjoining surface of the ovary. 

A corresponding protrusion of the luteal tissue has been 
described by various authors for higher Mammals, by Sobotta 
( 39 ) for the Rabbit, by 0. van der Stricht ( 44 ) for Vespervgo 
noctula where he terms it “ le bouchon ^pith&ial obturator,” and 
by Corner ( 9 ) who states that in many young corpora lutea in 
the Pig, the swelling of the granulosa cells causes a bulging of 
the corpus luteum tissue through the region of the follicular wall 
previously weakened by the rupture, the knob-like hernia so 
produced Containing a tenth or more of the whole corpus luteum, 
In the Cow, he states, such a protrusion “ seems to occur invari- 
ably and to persist throughout pregnancy, but in swine the 
hernia is not always produced, the whole wall of the corpus 
distending evenly instead.” 

In view of the relatively short developmental interval between 
this and the preceding stage, the advance in histological differ- 
entiation in the present stage is little short of remarkable. 
Indeed the corpus luteum may now be said to have attained the 
height of its histological development. 

The luteal tissue (Pis. V. <fc VI. figs. 10 & 11, and text-fig. 7) 
consists of three cellular elements — ( a ) luteal cells which form by 
far the greater part of its bulk, (b) theca-interua cells, (c) fibro- 
blasts which are derived, we believe, from those of the theca 
externa and which produce the fibrous network pervading the 
corpus luteum. In addition there is present a plexus of fine 
capillaries ramifying between the luteal cells. 

The luteal cells, though varying. considerably in size, show a 
distinct increase as compared with the follicular cells of the 
preceding stage, averaging *024 X *019 mm. in diameter as 
against *019 x *012 mm. in the latter. Here again we have seen 
no evidence of cell-division, and we conclude that the filling up 
of the follicular cavity as well as the increase in size of the 
corpus luteum as a whole are due in the main to the hypertrophy 
of the luteal cells. 

As the measurements show, the luteal cells have now attained 
a relatively large size and are bv far the largest elements in the 
eprptis luteum. They vary in outline from spherical or polygonal 
: tb elongated elements, several times as long as bread, 't he 
cytoplasm is dense andVery finely granular. In it are situated 
numerous elongated ftbrillaV mitodvrondria (chondrSbc&tite*) 
specially abundant in the peripheral cytoplasm, though not con* 
fined thereto (fig. 11, and text-fig. 7, t*F)< ■. In elongated cells 
they are specially obvious at the extremities, being disposed 
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parallel to their long axes. In cells more isodiametric, they tend 
to follow the contour of the periphery, sweeping round the nucleus. 
Usually an area free from mitochondria and composed of dense 
finely granular cytoplasm is left to one or other side of the 
nucleus. This area no doubt represents the position occupied 

Text-figure 7. 








iti 




High-power view of small portion of corpus luteum, Stage II, to show the structure 
of the fully differentiated luteal cells (LC), CF. their fibrillar chondrio- 
confces, GF. cytoplasmic area probably occupied by the Golgi apparatus now 
dissolved out. C. Centrosorae granule. Tl. Tbeca-iuterna elements, with 
vacuoles ( V). TK. Tbeca-externa ingrowth. BV. Capillary. 


by the dissolved out Golgi apparatus. A centrosome-like body 
may often be found in the middle of this area. The ground 
Cytoplasm of the mitochondrial zone frequently appears of a 
clearer, much less dense character than the perinuclear cyto- 
plasm. Exceptionally the cytoplasm of the luteal ceil contains 
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a^clear vacuolar apace (rarely two), sometimes small, sometimes 
exceeding the nucleus in size atid containing faint traces of a 
delicate reticulum. Such vacuoles become more abundant in 
later stages and are probably to be regarded as the expression 
of degenerative changes in the luteal cells. They are not to be 


Text-figure 8. 



High-power views to show the transformation of the nucleus of the follicular cell 
into that of the luteal cell. A. Follienlar cell nucleus. B A C. Nuclei of 
hi teal cells (Stage II). K. Karyoemne. BP. Hiug.nuclsoli (plasmosomes). 
CB. Nuclear reticulum. K\K*. Karyosome*. Ft. Plasmosome. 

compared wi th the fat-containing vacuoles in the luteal celfi 
of the Eutberian Mammals. The nucleus (text-fig. 8, B and 0) 
is large (*024 x *019 mm. in average diameter), deeply Gaining, 
and in a highly active eondition. lt contains typically a large 
irregular mass of chromatin «r katya»ome a?ad several smaller 
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masses (A 1 , K 2 \ with all of which the well-marked and chromatin- 
rich reticulum (03) is connected. In addition there are present 
one or two large clear vesicular bodies (plasmosomes) of spherical 
form and possessing a dark staining basophil membrane-like 
peripheral layer and a lighter staining centre (PL) as well as 
several smaller bodies identical with the “ ring-shaped ” nucleoli 
of the preceding stage. The spherical vesicular bodies above 
mentioned, the presence of which has already been noted in 
some few of the nuclei of the intact follicular epithelium as well 
as in those of the preceding stage, are now of pretty general 
occurrence, and are highly characteristic of the fully-developed 
luteal cells of this and succeeding stages. They are probably 
formed by the hypertrophy of the ring-like nucleoli. 

Text-fig. 8 illustrates the changes during the metamorphosis 
of the nucleus of the follicular epithelial cell into that of the 
luteal cell. In A is seen the nucleus of a follicular cell. It is 
ovoid and contains two types of nucleoli : one is purely basophil 
and irregular in shape ( K ) and is always well-marked, the other 
(RP) is a curious ring-shaped, really a spherical plasmosome, 
with a basophil or amphophil cortex and an oxyphil or chromo- 
phobe medulla. There are usually several of these plasmosomes 
in each nucleus, and frequently one of them abuts against the 
karyosome. They are connected here and there by the chroma- 
tinic reticulum. Two stages in the transformation of these 
nuclei are shown in text-fig. 8, B <fc C. In B, there are two very 
large plasmosomes (PL), often showing a slight basophil edge 
and abutting against the hypertrophied karyosome (K 1 ). These 
plasmosomes, we believe, are derived from those (RP) of A. In 
C, a later stage is shown ; the plasmosomes of B have run together 
to form one elongated body (PL), the hypertrophied karyosome 
(A 1 ) is present and also several smaller karyosomes (K*), These 
latter may have arisen either from detached parts of the main 
karyosome or from ring-plasmosomes, in which case the medulla 
must have undergone absorption. 

Whilst the hypertrophy of the luteal cells is, we think, the 
main factor in effecting the solidification of the corpus luteum, the 
ingrowths of the fibrous septa of the theca externa, accompanied 
as they are by the cells of the theca interna and by capillaries, 
are also contributory. 

The theca externa in this stage has evidently undergone con- 
siderable stretching, consequent on the enlargement of the luteal 
cells, and the filling up of the follicular cavity. It is thinner 
than in the preceding stage and its inner surface presents a 
more even contour. From it arise the septal ingrowths, signalised 
as already present in the preceding stage, but now much more 
extensively developed. 

They vary in thickness and in number (up to eight or nine 
may frequently be counted in ope section), and extend for a 
longer or shorter distance into the luteal tissue an definite more or 
lees radial septa before passing over into the delicate connective 
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tissue reticulum, presently to be mentioned, which pervades 
the entire corpus luteurn and invests the individual luteal cells. 
Here and there in the luteal tissue there occur small irregular 
areas and strands composed of fibrous connective tissue only, 
evidently marking the sites of the clefts between the folds of the 


Text-figure 9. 


OP 



RET 


Low-power view of section of corpus luteum (Stage II), especially to ahow the 
theca erterua and ita trabecular ingrowths (drawn in black, T2£), which 
support the luteal and theca-intema cells (X, TJ, left white)* CA. Cortical 
aou*. CON Connecting trabeculae. 00. Oocytes* OP* "Plug” of corpus 
luteum. MET, Medullary *on« of ovary. 

lining of the preceding stage, whilst situated more or less 
centrally one such area takes the form, of sat elongated fibrous 
cove of varying width (1’2 rant- in length by *5 mitt, hi greatest 
thickness in one instance) which encloses the remains of the 
central blood-clot of the preceding stage. fMs. Own as well as 
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the other fibrous areas are in direct continuity with the con- 
nective-tissue reticulum of the corpus luteum. In our opinion, 
the septa, the just- mentioned fibrous areas, and the reticulum are 
all parts of one and the same connective-tissue system, and all 
owe their origin to the activity of fibroblasts derived from the 
theca externa. 

The connective-tissue reticulum (clearly displayed in prepara- 
tions of our next. Stage III stained with Pasini’a stain) takes 
the form of a fibrous network which, as already mentioned, 
extends throughout the corpus luteum and encloses the luteal 
cells in its meshes, the individual cells appearing to be completely 
surrounded and separated from their neighbours. Thin between 
the adjacent fiat surfaces of the cells, the reticulum widens out 
in the angles between them and, indeed, where* er the cells are 
not in close contact ; and in these places its reticular character 
as well as the nuclei of its fibroblasts are clearly displayed. 
What appear under the low power to be empty intercellular 
spaces between the luteal cells are seen under the oil immersion 
in suitably stained preparations to be occupied by the fine 
reticular network. 

In the Pig, Corner (9, p. 175, fig. 25) has described the 
presence of reticulum of delicate connective-tissue fibrils” 
which form dense baskets round the granulosa and u theca 
lutein ” cells. Inasmuch as the corpus luteum of the Pig consists 
exclusively, according to him, of these two types of lutein cell 
together with the endothelial cells of the capillaries, and as 
neither of the former exhibits any capacity to form fibrils and 
as no fibroblasts are present, Corner is led to suggest that the 
endothelial cells themselves lay down the reticular fibrils, a 
suggestion he upholds in a later publication (11). If Corner’s 
conclusions for the Pig are correct, it follows that the interstitial 
connective tissue of the Monotreme is genetically different from 
the reticular tissue of the Pig, seeing that we have no reason to 
regal'd the fibroblasts, which are readily demonstrable between 
the luteal cells in Platypus, as other than the formative cells of 
the reticulum. 

Thetbeca-interna cells ( Pis. Y.& VI. figs. 10 & 11, 27) are highly 
characteristic elements histologically, and in this stage would 
appear to have attained their maximum functional activity. 
Though many of them have retained their original peripheral 
position between the theca externa and the luteal cells, where 
they form a discontinuous layer of very variable thickness, the 
majority of them lie along the septal ingrowths of the theca, 
externa. Both peripherally and in relation to these ingrowths 
the cells occur massed together, the masses frequently presenting 
a sponge-like appearance owing to the presence of well marked 
intra-cellular vacuoles. We have already recorded the occurrence 
of vacuoles in these cells in the preceding stage as well as in the 
fuU^grown follicle, but in this stage tbey are not only larger 
tout more numerous, and, indeed, here attain their maximum 
development 



742 PROF. J. P. HILL AND PROF. J. B, GATRNBY ON 

The groups of theca-interna cells still present the same syn- 
cytial-like appearance noted in the preceding stage, cell-boun- 
daries not being readily distinguishable. In many places, 
indeed, cell-outlines appear to be absent in our material, though 
here and there discrete cells may be observed on careful 
examination under high powers. 

The nuclei of the theca-interna cells vary somewhat in size, 
averaging *0078 x ‘0059 mm., though a small proportion is dis- 
tinctly larger. They differ in no essential respect from those 
of the preceding stage, and are still extremely granular and 
chromatic. In the cytoplasm of some of the cells a juxta- 
nuclear chromatic cloud is visible. The origin of the vacuoles 
can be traced quite easily : in certain cells a clear space appears 
between the nucleus and the indefinite limiting cell-membrane, 
and this, growing larger, presses the nucleus into a crescentic 
shape until the whole cytoplasm and the nucleus form a cortex 
to the vacuole. In certain cases a fine coagulum can be noticed 
inside these vacuoles, but it is never so well marked as to fill 
the cavity. 

Stage III. ^ 

Ovary of female No. 3, 9. ix. 05 (X), with two intra-uterine 
eggs 6 75 and 7 mm. in diameter; after removal of shell and 
albumen, 5x4*5 mm. and 4*5 mm. in diameter respectively. 
The corpora lutea differ a little in size. The smaller one (includ- 
ing the theca externa) measures in the sections 3*38 x 2*34 mm. 
in diameter, the luteal tissue 3*2 x 2*18 mm. In the larger, the 
luteal tissue measures 3*7 x 2*18 mm. in diameter. 

The ova, so far as can be determined, appear to be in much the 
same stage of cleavage ( blast odisc stage) as those of Stage II. 

We originally grouped this ovary with that of Stage II, but 
the corpus luteum proves to be in a slightly more advanced 
condition, and is of special interest since it exhibits the first 
onset of the regressive changes which becomes progressively 
more marked in later stages. 

A low-power view of a section of the entire corpus luteum Is 
seen in PI. VI. fig. 12. A remnant of the central core of con- 
nective tissue still persists, whilst the free surface of the project- 
ing plug or “ prop! ” is now covered by a thin organised layer 
composed of clear parenchyma-like cells (two to four or more 
cells in thickness) which is in continuity with the septal prolon- 
gations of the theca externa. The plug region is fairly rich in 
capillaries, and in it, as in other parts of the corpus luteum* 
occur occasional degenerate and collapsed luteal Cells* 

Cursorily examined, the luteal tissue does not appear to differ 
from that of Stage II. $Jhe luteal cells are of very much the 
Same size as in the latter, perhaps a trifle larger (their average 
diameter being *06 x *037 mm.), whilst their nuclei (averaging 
*027 x *02 mm.) appear to be db&nctly larger thaninibat stage. 
The cells are plump and active-looking, and their cytoplasm 
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and nuclei closely resemble in their characters those of the cells 
of the preceding stage. More careful study, however, reveals 
the presence of indications of commencing regression. In the 
connective tissue between the luteal cells, polymorpho-nuclear 
leucocytes are now present, though in no very great abundance. 
Here and there they have actually penetrated into the bodies 
of the luteal cells. This invasion is as yet quite sporadic, and 
only affects a very small proportion of the cells. Comparison 
with later stages indicates that this phagocytosis accompanies 
but does not directly bring af>out cell-regression. In the next 
two stages we shall find that whilst cell-degeneration is more 
advanced, leucocytic invasion is no more marked a phenomenon 
than in this stage. 

Moreover, isolated shrunken and deeply* staining cells, obviously 
luteal cells in varying stages of degeneration, are now met with 
throughout the extent of the corpus luteum. Here and there 
we also encounter cells, the nuclei of which are undergoing 
vacuolization, and yet other cells in the cytoplasm of which 
are spherical spaces containing a deeply-staining homogeneous 
coagulum, but both of these phenomena are no more than indi- 
cated in this stage. The theca interna elements are disposed in 
syncytial-like groups internally to the theca externa and along 
the septal ingrowths of the latter as in the preceding stage, but 
their nuclei are here of slightly smaller average diameter, whilst 
vacuolization is much less marked than in that stage. 

Stage IV. 

Ovary of female No. 1, 27. viii. 02. with a single blastocyst about 
9 mm. in diameter in uterine portion of oviduct (Specimen Q 
of Wilson & Hill, 43 ). Blastocyst with primitive streak (6 mm. 
in length) and very short head -process. 

Diameter of corpus luteum (including theca) 3*8x2*75 mm. 
Diameter of luteal tissue 3*7 x 2*6 mm. 

Although the developmental gap between this and the preceding 
stage is considerable, the general arrangement of the various 
elements of the corpus luteum does not differ in any marked way 
from that found in the earlier stages. There are now, however, 
evident signs of regression in the luteal cells. 

The substance of the corpus luteum presents a more open 
appearance, more especially in the central region (PL VII. fig. 13). 
This is conditioned mainly by the larger size of the blood- and 
lymph-capillaries in this stage (PI. VII. fig. 14, BY) as compared 
with those of the preceding stage. The luteal cells, moreover, 
have undergone shrinkage and are smaller than those of Stage III. 
Measurements show that there is an average shrinkage of *013 x 
^002 tom. the diameter of the cells and of *002 x *001 mm. 
in the diameter of their nuclei as compared with those of the 
preceding stage. 

Many of fhe luteal cells have assumed a more elongated,. 
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spindle-shaped form, and their attenuated extremities and the 
enclosed mitochondria, which present a more broken-up, floccu- 
lent appearance, stain intensely with iron-lis&matoxylin, and 
appear under the low power as chromophile streaks distributed 
throughout the entire area of the corpus luteum (PI. VII. fig. 14). 
This appearance is very characteristic of the present and the 
succeeding stage, in which latter, indeed, the degenerative 
process has gone so far that many of the luteal cells are repre- 
sented simply by homogeneous masses stained of a jet-black 
colour (PI. VIII. fig. 16). 

Further evidence of regression is seen in the presence here 
and there of luteal cells, in the cytoplasm of which a clear spherical 
vacuolar space (rarely two) is present. Such spaces are devoid 
of formed contents and vary in size, the largest occupying half 
the cell-body. Of commoner occurrence than these cytoplasmic 
vacuoles are curious intra-nuclear vacuoles. Whilst the great 
majority of the nuclei of the luteal cells present a normal appear- 
ance, we meet not infrequently with others in which the nuclear 
contents seem to have disappeared, leaving a clear space bounded 
by the nuclear membrane. Careful examination shows that this 
condition in many cases at least, is brought about by a regressive 
change in the plasmosome. A small vacuolar space appears in 
the latter and increases in size, whilst the cortical membrane 
remains preserved. As the plasmosome grows, the nuclear con- 
tents are pushed to one side and ultimately are represented by 
remnants attached to the inside of the nuclear membrane. The 
original plasmosome continuing to grow, forms a large vacuolar 
structure which in the last stages occupies the whole space inside 
the nuclear membrane (cf. text-fig. 10, illustrative of the process 
in Stage Y). Thus the degeneration of such nuclei is initiated 
by a change in the plasmosome. The process is not, strictly 
speaking, a chromatolytic one, since it is only in the later stages 
that the karyosoines and the chromatinic reticulum undergo 
dissolution. 

The theca-interna elements do not appear to have altered ia 
any definite manner, but their nuclei are slightly smaller as 
compared with those of the preceding stage, and whilst one can 
usually find a few vacuoles in the larger syncytial-like groups, 
it is certain that the number of these cavities has become much 
reduced. 

Leucocytic invasion in this stage is extremely slight* 

Stage V. 

Ovary (DQ.) 11*5x10 mm. in diameter, with two corpora 
lutea, each with a cicatricial dimple at apex, the one measuring 
4*5 x 8*5 mm. in diameter*:, the other 5 x 3 mm* With two eg gs 
in uterus* about 10*5xlS x mm* in diameter*, Embryo just a 
little older than Wilson k Hitt** specimen H ( 48 ). Corpus 
luteum {including theca) in section 4x3*5 mm, in diameter; 
luteal tissue 3*8x2^34 mm. v Y > 
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We are greatly indebted to Prof. It, A. Dart for the material 
of this stage. 

The regressive changes described in the preceding stage have 
made further progress (PI. VIII. figs. 15 <fe 16 and text-fig. 10). 
Though of much the same size as in the last stage the luteal 
cells present a more shrunken appearance, and the interstitial 
connective tissue around them has increased in amount. 

In the luteal cells the degenerative changes are now very 
pronounced. The mitochondria, well preserved in the cytoplasm 
of the smaller oocytes in this ovary, have become profoundly 
altered in the luteal cells and have disappeared as precisely 
staining entities, all that remains of them being represented by 
darkly-staining streaks in the peripheral cytoplasm of some of 
the cells. Throughout the luteal tissue intensely-stained homo- 
geneous masses are met with. These are completely degenerate 


Text-figure 10. 



High-power view of a group of three luteal cells (a, 6, e) from Stage V, to illustrate 
the process of nuclear degeneration as the result of the appearance of intra- 
nuclear vacuoles (V). PiJ. Polymorpho-nuclear leucocytes. TI. Theca- 
interna cells. 

luteal cells (PI. VIII. fig. 15). Other cells destined to suffer the 
same fate, showing homogeneously-staining cell-bodies and darkly- 
staining pycnotic nuclei, are of common occurrence. Cells with 
nuclei showing various stages of nuclear vacuolization (text- 
fig. 10 and PI. VIII. fig. 15) are also frequently seen. Indeed, 
the majority of the cells are now undergoing one or other form 
of regression, but, curiously enough, cytoplasmic vacuolization 
is less obvious than in the preceding stage. 

In correlation with the cellular degeneration which is in active 
progress, we now find that leuoocytosis is extremely well marked. 
Numerous polymorpho-nuclear leucocytes are present in the inter** 
stitial connective tissue. They are of quite common occurrence 
in the cytoplasm, and are even found in the nuclei of the 
regressing luteal cells. 
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The theca-intema elements are still remarkably well preserved 
and show no signs of regression. Whilst bi- and multi-nucleate 
clumps of these elements are commonly met with (PI. VIII. 
fig. 15), theca-interna cells with discrete outlines can now be seen 
without the least difficulty (PI. VIII. fig. 16), and are here 
much more obvious than in any of the preceding stages. 


Stage VI. 

Eight ovary of Echidna (15. ix. 00) with recently laid egg. 
Ovary 17x7x6 mm., with single corpus luteum 4*5 x 3*5 mm. 
(PI. i. fig. 2 and p. 729). 


Text-figure 11. 



High-power view of a group of luteal cells in process of regression, from Stage VI* 
to show especially the presence in their cytoplasm of colloid droplets (CO), 
vacuoles (T), and leucocytes (PH). PI. Groups of shrunken theca-intema 
cells. ' PE. Interstitial connective tissue of theca externa, now increased in 
amount. 

A low-power vieifcof an entire section of the corpus luteum is 
shown in PL IX. f§« 17, and h%hly*magnified views of the 
luteal tissue infigs. 1£ A 19 and text-fig. 11. 

The corpus hiteum is in a fairly advanced stage of regression* 
the regressive changes being most marked in the neutral region. 
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Under low-power examination, the luteal cells present a much 
more diversified appearance than in any of the stages of Platypus 
previously described. This is due to the fact that the cells in 
many cases are shrunken and vacuolated and exhibit varying 
phases of degeneration. Moreover, the nmjoiity of them in the 
central region contain variable numbers of brightly-staining 
oxyphil spherules or droplets (Pis. IX. & X. figs. 18 & 19, CO). 
These vary not only in size but in their characters. The majority 
take the form of homogeneous spherules, colloidal-like in appear- 
ance, situated in vacuolar spaces in the cytoplasm ; others, similarly 
situated and of similar appearance, instead of staining uniformly, 
possess a core which stains much more deeply than the periphery 
(fig. 18). The cell-body may contain one or two such spherules 
or a number (often considerable) of varying size. Where there 
are many, the cytoplasm is always greatly reduced and degenerate, 
and, indeed, all that may be left of the cell is the cell- membrane 
enclosing a space occupied by the spherules and remnants of the 
cytoplasm. When we first observed these spherules we were 
inclined to regard them as of the nature of secretory products 
of the luteal cells ; but whatever relation, if any, they may have 
to the normal secretion of these cells, there can be no doubt 
they arise here as the result of a definite process of cell-regres- 
sion. Miller (31) has observed colloidal droplets in the luteal 
cells of the human corpus lutemn and has also regarded their 
occurrence as evidence of degeneration. 

In addition to these colloidal spherules, there are numbers of 
much larger spheres, also occupying vacuolar spaces, which 
exhibit a finely granular structure (figs. 18 & 19, Gti) and which 
look like areas of cytoplasm isolated by some peculiar process 
of cell-disintegration. Many of the cells also are vacuolated 
the vacuoles being devoid of formed elements or containing 
traces of granular contents. 

The capillaries of the luteal tissue are still well marked 
(fig. 17, BV ), and it should be mentioned that in some of them 
traces of a homogeneous oxyphil coagulum, which stains less 
intensely than the colloidal spherules, are present. A similar 
material also occurs in the lymph-sinuses of the medulla. 

Bound the peripheiy of the corpus luteum especially, we find 
many cells devoid both of spherules and vacuoles and with large 
nuclei of fairly normal constitution. Many of the nuclei contain 
one or two large plasmosomes, definitely limited and frequently 
staining homogeneously, almost like the colloid droplets in the 
cytoplasm (fig. 18, PL % and fig. 19). Vacuolated nuclei are not 
uncommon in the central region (fig. 19, FA r ) ; but, on the whole, 
nuclear vacuolization is in this Echidna stage a less-marked 
phenomenon than in the preceding. 

The interstitial connective tissue of the theca externa is again 
extremely well developed (fig. 18 and text-fig, 11, TE), its strands 
enclosing and separating the individual luteal cells. 

The tbeca-interaa cells are, on the other band y much less 
Paco. Zooi. Soc.’— 1926, No. XL1X. 49 
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conspicuous than in the preceding stage, but are still clearly 
distinguishable as small groups of cells situated here and there 
along the strands of the connective-tissue network (text-fig. 11, 
77). Their nuclei now stain lather less intensely, and are less 
rich in chromatin granules than those of the preceding stage. 
Their cytoplasmic bodies are shrunken and ill-defined, and they 
are evidently now completely inactive. We have seen no evidence 
that the theca- intern a cells ever take on fibroblastic activities. 

A very striking feature in this corpus luteuin, and one which 
affords clear testimony of its regressing character, is seen in the 
abundance throughout its substance of poly morpho- nuclear leuco- 
cytes. They are to be found in large numbers in the connective- 
tissue network, in the cytoplasm of the regressing luteal cells, 
in their nuclei, in the vacuoles, and in the colloidal and granular 
spherules (figs. 18 & 19, PH). 

We possess another ovary of Echidna with a single corpus 
luteuin, the structure of which is worthy of brief description. 

The left ovary in this case was the functional one. It measured 
15 mm. in length and 3 2*5 mm. in breadth, and the corpus 
luteum 5\ r > mm. in height and 4*5 mm. in diameter. 

We are indebted to Dr. Thos. L. Bancroft, of Eidsvold, Q., for 
the material. We are unable to give the size of the related 
uterine egg, but Miss C. J. Hill, who has examined sections of 
the uterus, informs us the uterine glands a re very much in the 
condition of those of the uteri in our Stage I. 

The interest of the corpus luteum of this ovary lies in the fact 
that it is of the \esicular type and contained a large central 
cavity, filled by a dense homogeneous coagulate recalling in its 
appearance and oxyphil-staining properties the colloid of the 
thyroid gland ami the colloidal droplets of the regressing corpus 
luteum just described. The wall of the corpus luteum measures 
in maximum thickness *64 mm. and in minimum *22 mm,, and 
its cavity approximately 3 x 2*4 mm. 

The luteal cells are large and well formed and not noticeably 
degenerate, though many of them, especially in the outer part 
of the wall, are vacuolated around their periphery. The nuclei 
contain karysomes and plasmosomes as in Platypus , and there is 
a juxta-nuclear cloud in the cytoplasm corresponding to a sphere, 
but mitochondria are not distinguishable. The inteistitial con- 
nective tissue which is in direct continuity with the theca externa 
is strongly developed, and forms definite capsular investments 
round the individual luteal cells. Here and there along the 
strands of the theca externa, especially in the outer region of 
the wall, occur group! small theca-interim ceils, but vacuoliza- 
tion in these is not pronounced. 

It is well known that in those Eutheria possessing a corpus 
luteuin in which the antrum folliouU is rapidly occluded, a 
vesicular condition occurs in a percentage of oases. About 5 per 
cent* of the corpora lutea of the Oow are of this type (Oatenby). 
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In Midi examples the cavity is found to contain a thick coagulable 
fluid which is much denser than the liquor follicuii. The vesicular 
Echidna corpus luteum is an example of this exceptional type, 
and the thick coagulate in the cavity resembles in appearance 
that of the vesicular corpus luteum of the Cow. It has been 
assumed that this fluid represents or contains the secretion of 
the corpus luteum, but as to that we have no definite evidence 
of our own to offer. 


C. — Discussion. 

We have made no serious attempt in this paper to deal with 
the vast literature relating to the formation and functions of the 
corpus luteum in the Mammalia. Adequate lists of the literature 
are provided in the papers of 0. van der Striclit (44) and Long 
and Evans (24), and for an exposition of more recent views on 
the physiological aspects of the subject, the reader is referred to 
the reviews of Marshall (28), Corner (10), and Bourn (8), to the 
symposium on the mstrous cycle in the 4 American Journal of 
Anatomy/ vol. xxxii., and to the papers of llobinson (36), Allen 
and his associates (2, 3, 4), Courrier (12), Gerlinger (17), Watrin 
<48), and others. 


Plan of Formation of the Monotreme Corpus luteum. 


Young Oocyte . | Full-groicn Oocyte. 


Functional , Regressing 
Corpus luteum. | Corpus luteum. 


Follicular Follicular epithelium j Lutein cells without Degenerate, with 
epithelium about two-layered, j neutral fat granules.^ appearance of 

one-layered. attains its maximum j i colloid droplets, 

thickness. ; 


'Theca interna. 


Primary theca. ^ 


1 

Vacuolated theca- jStill present, but in! 
interns elements, in regression and noj 
i syncytnil-like I longer vacuolated, 
j masses and groups. I No evidence of I 

transformation into 


J fibroblasts. 


! I 


\ Theca externa. 


j f Connective-tissue (Increased 
j) trabecula* and amount. 
|J pericellular con-! 

V uecfcive tissue. 


! (Membrana propria. 1 Disrupted and no 
I | longer distin- 

1 I guishable. 


(1) Formation of the Corpus luteum . 

The general plan of the formation of the corpus luteum in the 
Monotreme is shown in the above table, 

In the Monotreme, the distinction between the three layers of 
the follicular wall of the lull-grown follicle (viz. the theca 

49 * 
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externa, the theca interna, and the follicular epithelium) is so 
definite and clear-cut that it is a relatively simple matter to 
follow their fate throughout the stages in the formation of the 
corpus luteum. We are consequently able to affirm that 
the lutein cells arise exclusively from the follicular epithelial 
cells as the result of hypertrophy accompanied by certain eyto- 
logical changes, but no lipoid and no true fat are ever formed in 
them. We have never observed any evidence of mitosis in the 
follicular cells, and can only surmise that if they divide at all 
they must do so during a very brief period immediately succeeding 
the liberation of the ovum. 

The fibrous theca externa early gives origin to actively in- 
growing sprouts or trabecula* which carry blood-, and no doubt 
also lymph-capillaries, though many of these enter the luteal 
tissue directly from the tlieca, and which not only furnish a 
connective-tissue framework for the support of the lutein and 
theca-interna cells, but provide a delicate pericellular investment 
around and between the individual lutein cells. 

The theca interna of the mature follicle is a well-marked layer 
formed of polygonal cells with a characteristically alveolar cyto- 
plasm, often definitely vacuolated. Immediately after ovulation 
the theca-interna cells multiply by mitosis and come to form 
syncytial -like masses and groups, situated partly in their original 
position between the lutein cells and the theca externa, partly 
along the ingrowths of the latter into the luteal tissue. They 
contain numerous vacuoles evidently filled during life by a clear 
fluid. The theca-interna elements are already prominent in our 
Stage I, and they reach their maximum development in Stage II. 
In the succeeding stages^ vacuolization becomes less marked; 
in Stage V the cells are still well preserved and many of them 
have acquired discrete outlines. In Stage VI they are still 
recognizable, but are evidently inactive and in process of re- 
gression. 

It seems difficult to avoid the conclusion that these theca- 
interna elements subserve in the early corpus luteum a definite 
secretory function which may, of course, simply be an intensi- 
fication of that carried out by the theca-interna cells of the 
intact follicle. We have no evidence that they ever take on a 
fibroblastic activity, even in the regressing corpus luteum. 

(2) Cytology of the Luteal Cell . 

One of the most characteristic features of the Eutherian luteal 
cell is the presence of globules formed of an osmiophil fat. Thus 
treatment of the luteal cells with osmium tetroxide will reveal a 
fine fatty granulation in the cytoplasm even in cells in the early 
invasion stages. In$fae human corpus luteum of menstruation, 
Gatenby (15) has shown that these granules saw disposed after 
the manner of the mitochondria of many glaod^oella, and at one 

E od stain equally readily by osmium xeduetion and by iron- 
mtoxylin. He suggests the granules may be of miiochondrial 
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origin, but our knowledge of the cytology of the luteal cells is 
still scanty, and further work is necessary before precise state- 
ments as to the origin of these osmiophil globules can be made. 

In view of the invariable occurrence of such globules in the 
Eutherian luteal cell, it is a fact of interest that they are entirely 
absent in the luteal cells of Platypus. Some of our material had 
been fixed in Flemming’s fluid, and we can confidently state that 
osmiophil lipoid is not present nor do vacuoles appear in the 
cytoplasm in the best fixed luteal cells in our collection. In 
the marsupial, Didelphys aurita , we have been able to examine 
sections of quite young corpora lutea after Flemming fixation. 
In the luteal cells there are present in no great abundance 
droplets of varying size which have stained of a brownish grey 
tint with the osmic acid of the fixative, and which would seem to 
represent the lipoid of the luteal cells in Kutkeria. In favour- 
able sections the appearances suggest that these droplets 
originate from small ring-like granules which may possibly be 
mitochrondrial in nature. 

Certain observers have regarded the degree of development of 
these osmiophil globules in the luteal cells as an index of 
functional activity. Our observations, however, indicate that 
the secretory activity of these cells can be carried on in the 
entire absence of such globules. 

Our observations on the cytology of the luteal cells of Platypus 
have necessarily been limited by the material available, but we 
have been able to show that there is present a large juxta-nuclear 
area, in the centre of which a centrosome-like granule can some- 
times be made out. We believe that this area marks the site of 
the dissolved-out Golgi apparatus, and that consequently a Golgi 
apparatus similar to that in human, rat, mouse, and guinea-pig 
luteal cells, is present in Platypus. 

Another remarkable feature in the fully-differentiated luteal 
cell of Platypus is the presence of numerous large mitochondria 
in the form of long filamentous elements or chondriocontes 
which sweep round the cell, lying between the juxta-nuclear 
cytoplasmic area and the periphery. Iteguud and Policard (35) 
were, we believe, the first observers to record, in the case of the 
Hedgehog, the existence of filamentous mitochondria in luteal 
cells. There can be no doubt that one of the most important 
events iu the transformation of the follicular epithelial cell into 
the luteal cell is the hypertrophy of the mitochondria, for in the 
sections in which the filamentous mitochondria in the luteal cells 
are clearly visible, we have failed to observe them in the 
follicular epithelial cells. This, we believe, is not because the 
latter do not contain them, but because they are so delicate that 
they have not been preserved by the fixative employed. 

Robinson (36) states that in the flattened epithelium of the 
early follicles in the Ferret, granular mitochondria are present, 
but as the follicles increase in size, the mitochondria “ assume 
the form of granular rods or filaments/ 1 
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The nucleolar complex of the luteal cells, like that of all 
glandular cells, is also of interest. The nucleus of the fully- 
formed follicular epithelial cell possesses a number of peculiar 
ring-like nucleoli and generally one irregular karyosome. In 
the fully-formed luteal cell, besides the main karyosome, there 
is present another type of karyosome, in the form of smaller 
elements, sometimes solid, sometimes with a lighter centre which 
may have arisen from the ring nucleoli by a process of thickening 
of the peripheral ring at the expense of the medulla. In addition 
the nucleus contains one or more clear vesicular bodies or plas- 
mosomes which would also appear to be derived from the 
ring-nucleoli. A common origin of both plasmosomes and 
karyosomes from a primitive nucleolus has been described by 
Jorgensen (23) and by Ludford (26) in Molluscs. 

(3) The Corpus Lutenm in rdation to the Monotreme Life-cycle. 

In view of the position of the Monotremes at the base of the 
Mammalian series, it may not be devoid of interest to correlate 
the phases in the formation and functional activity of the corpus 
luteum with the periods of embryonic development, and to see in 
how far the results correspond with those similarly obtainable 
for the higher Mammals. 

First of all, a brief outline of the embryonic history of the 
Monotremes. The yolk-laden telolecithal ovum, when shed from 
the ovary, has a diameter of about 4-4*5 mm. It possesses at 
the animal pole a small germinal disc and is invested by a thin 
zona. It is received into the Fallopian tube and there fertilized, 
and as it parses down the tube it becomes enclosed, outside the zona, 
first of all by a coat of albumen and then by a shell-membrane, 
at first quite thin but becoming thicker later on. The intact 
egg in its envelopes appears to vary in diameter from about 
5 to over 6 mm. It passes into the enlarged uterine segment of 
the oviduct, which is richly provided with highly active glands, 
and therein it undergoes meroblastic cleavage and the succeeding 
phases of development up to the time of laying. As soon as the 
ectoderm has grown round and enclosed the yolk, it commences 
to enlarge, and eventually forms a large blastocyst, filled with 
the nutritive fluid absorbed from the uterine lumen and the 
more or less disseminated yolk-spheres of the original yolk-mass 
of the ovum. The egg enclosed in its shell reached a diameter of 
round about 16*5x15 mm. in Platypus, and is eventually laid 
when the embryo in Echidna (and the same probably holds true 
for Platypus) has attained a stage of development roughly 
comparable with that ^of a chick of 38-40 hours’ incubation and 
possesses some nineteen naira of somites* After to unknown 
period of incubation, ih toe nest (Platypus) in the pouch or 
tneub&jtoriuin (Echidna)* the young Monotreme, about 18*5 mm* 
in length in Platypus tod about 12*5 mm in Echidna, emerges 
from its enclosing shell and cgg~m*mbraae* Mth the aid of its 
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caruncle and egg- tooth, and proceeds to subsist on the milk 
which exudes from the mammary glands of the mother, the 
tubules of which have already attained a length of about 5 cm* 
some time before the egg is laid (Hill Martin, 21)* 

We can thus distinguish in the development of the Monotreme 
three periods, viz. (1) a period of intra-uterine development, 
(2) a period of ineubatiou, and (3) a period of lactation. 

If, now, we proceed to correlate the phases in the history of the 
corpus luteum with these developmental periods, we see from the 
data recorded m the preceding pages that this is a very simple 
task, for the corpus luteum in the Monotreme not only attains 
its full growth and activity during the uterine period, but exhibits 
evident signs of regression by the time that period is completed, 
so that whatever the functions of the corpus luteum, they must 
become effective remarkably early, certainly by the time the 
blastocyst is formed. 

The history of the Monotreme corpus luteum itself may be 
resolved into three main periods. There is first of all the early 
period characterized by the remarkable multiplication ami the 
glandular activity of the theca -interna cells, which is at its height 
when the lutein cells are already well differentiated. This period 
comprises our Stages I and 11 and covers the time from just 
before ovulation and just after ovulation until cleavage is 
completed. 

This early period is followed by a second which overlaps the 
first, in which the Ultra- cellular vacuoles of the theca -interna 
elements are much less conspicuous, whilst the lutein cells reach 
the height of their cvtological development. This period is 
represented by our Stages J X, ill, and JV, and extends from the 
completion of cleavage up to the formation of the blastocyst and 
the iir-t appearance of the primitive streak. 

The second period is succeeded by a final period of regression 
in which the luteal cells exhibit obvious signs of degenerative 
change both in their nuclei and cytoplasm, the most prominent 
features of which are colloidal and granular degeneration of the 
cytoplasm of the lutein cells, vacuolization of their nuclei, 
marked leucocytic infiltration ami increase of the connective 
tissue. In the Monotreme regression appears to set in remarkably 
early. Degenerative changes are already evident in our Stage IV, 
and they are well advanced by the time the egg, containing the 
early embryo, is laid. 

From the literature of the subject we have compiled the 
following data m to the history of the corpus luteum in other 
Mammals. In the Marsupial, Daayurus , Sandes (37; states that 
the corpus luteum attains its full development at the time when 
blastocysts 6*5-7 mm. in diameter (primitive streak and head- 
process stage) are present in the uteri. It remains in the same 
state for 7-8 weeks after the birth of the young, then it begins 
to regress. According to Sandes, the chief factors in regression 
are fatty degeneration of the luteal cells and their removal by 



754 


PROP. J, P. HILL AND PROF. J. B. OATENBY ON 


leucocytes, atrophy of the blood-vessels, and increase of the 
connective tissue to form a corpus fibrosum. By the time the 
young one is about 10 cm. long, some four months after birth, 
44 there remains no trace of the corpus luteum in the ovary, 
•which is found to be full of young ova beginning to grow in 
preparation for the next oestral period.” The records of Mill (10) 
show that the lips of the pouch-young become free at 7-8 weeks 
after birth, i. e* about the time regression of the corpus luteum 
sets in, according to Saudes, and that the entire lactation period 
extends over about four months. In his paper on the oestrous 
cycle in the Opossum, Hartman (18) calls particular attention to 
the statement of Sandes as to the long persistence of the corpus 
luteum in Dasyurus, since he finds that in Didelphya the 
corpus luteum “ declines much more rapidly than that of 

Da sy nr us At parturition, or about twelve days after 

ovulation, the corpus is already infiltrated with swarms of 
leucocytes and numerous connective-tissue cells.” Later on in 
his paper, Hartman states that “the corpora lutea degenerate 
soon after parturition ; in four or five weeks they have all but 
disappeared.” Whether this remarkable difference in the time 
of regression of the corpus luteum in these two Polyprotodonts is 
related to a possible difference in their sexual cycles is a question 
which must remain in abeyance until we know whether Dasyvrtis 
is really moncestrous, as Hill and O'Monoghue (20) originally 
thought, or polyoestrous like Didelphys , and also until we possess 
precise information as to the histological condition of the corpus 
luteum of Dasyurus at the time of parturition. 

The important monograph of Long and Evans (24) on the 
cestrous cycle in the White Rat provides valuable details as t© 
the history of the corpus luteum in this rodent. Their obser- 
vations show that at their Stage V (some 4 days after the start 
of the cycle and 2-3 days after ovulation) the corpora lutea 
are normally fully formed and in vigorous function. At about 
the same time — according to Huber (22) towards the end of the 
fourth day after insemination — the morulfie pass from the tubes 
into the uteri and enter on the stage of early blastocysts. The 
corpora lutea remain fairly constant up to almost the middle of 
pregnancy, but after the tenth day they increase in si«e (reaching 
up to just under 2 mm. in diameter towards the end of gesta- 
tion). This increase results chiefly, if not entirely, from the 
growth of the lutein cells. Towards the end of pregnancy and 
immediately after parturition, marked changes are observable 
in the lipoid contents of the lutein cells. The lipoid granules at 
this time increase greatly in number and some of them markedly 
enlarge, so that they exhibit a distinct inequality in else. The 
authors regard these alterations in the lipoid contents as indica- 
tive of the cessation or the diminution ip functional activity of 
the lutein cells. After parturition the corpora lutea undergo 
diminution in « m, though they pewrisfc throughout the period of 
lactation, which lasts from twenty*one days to double that time 



THE CORPUS LUTEUM OP THE MONOTKEMATA. 


755 


if the young are left with the mother. Twenty days after 
parturition, they still measure somewhat over a millimetre in 
diameter, though the number of lutein cells is considerably 
diminished. At about one hundred and twenty-five days after 
parturition, the authors state that, with the aid of their vital 
dye technique, they were able to distinguish the last quite 
degenerate vestiges of these corpora lutea graviditatis. 

In the case of the Mouse, Sobotta (38) states that the corpus 
luteum attains ifc» definitive structure CO-72 hours after 
ovulation. At that time, egg s in the 8-16-celled cleavHge 
stages are present in the Fallopian tubes. In later stages the 
only alterations that take place are an increase in size of the 
luteal cells, and the appearance in them of fine fat granules in 
varying numbers. According to Sobotta, a regression of the 
corpus luteum does not occur in the Mouse, but it is difficult to 
believe that the Mouse should in this respect differ so funda- 
mentally from the Rat, In the Rabbit, Niskoubina Nadiejda(32), 
quoted by O. van der Stricbt, distinguishes (1) a period of 
development of the corpus luteum extending over 4-5 days 
after coition (5 days according to Sobotta (39)), and this is 
followed by (2) a period of full functional activity of 9-10 days 
duration and finally (3) a regressive period which super- 
venes towards the middle of pregnancy. From the 14th- 15th 
day on, the corpus luteum is said to be a “ vestigial organ.” 
Regression is characterized by a reduction in size of the lutein 
cells and their eventual disintegration following on fatty de- 
generation, by the increase of the connective tissue and atrophy 
of the vessels, and by leucocytic invasion of the luteal tissue. 
Cohn ( 8 ) states that the lutein cells attain their maximum size 
at 8 days, whilst Marshall (30) says that at that time the 
corpus luteum is “ very nearly fully formed.” At 8 days 
there are blastocysts in the uteri varying somewhat in their 
degree of development from primitive streak to fiat embryo 
stages. They have a temporary attachment over the ant- 
embryonal pole, and in those more advanced the definitive 
ecto-plocental attachment is being effected. 

In the Bat, V. nocUda , 0. van der Stricht (44) also distinguishes 
three phases in the history of the corpus luteum : — 1. A phase 
of genesis, extending from ovulation up to the fixation of the 
blastocyst, during which the lutein cells are formed mainly from 
the follicular epithelium, but partly also from interstitial 
elements of the theca interna. 2. A phase of full establishment, 
characterized by the very rich fat-content of the lutein cells, 
which the author regards as an index of functional activity. At 
the beginning of this phase the lutein ceils gradually increase in 
size, reaching their maximum at the mid -period of gestation, 
when they remain constant almost up to the close of the latter. 
3. A phase of regression and atrophy which begins some time 
before the birth of the foetus, and is characterized by the diminu- 
tion in size and number of the lutein celts and the hypertrophy 
of the connective tissue. 
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Comer ( 9 ), in the case of the corpus luteum of the Pig, states 
that it reaches its full development on the 8th- 10th day, when 
unattached blastocysts are present in the uterine horns. The 
blastocysts become attached between the 10th and 15th days, 
and in those cases where the ova have not been fertilized the 
corpus luteum begins to regress after the 15th day. Otherwise, 
in normal pregnant females it persists, and only commences to 
undergo regression about the time of parturition. 

It is clear, then, that we can distinguish in the history of the 
corpus luteuxn a period of functional activity which culminates 
in the attainment by the organ of its maximum histological 
development. This is usually attained relatively early, by the 
time the blastocyst stage is reached and the attachment of 
the same (if any) is being accomplished. Then follows a period 
of regression which begins in the latter part of the gestation 
period, usually some time before parturition, and. therefore prior 
to the functioning of the mammary apparatus, and which results 
in the atrophy of the glandular cells and the more or less 
complete disappearance of the organ. 

Our investigations show that the corpus luteum of the Mono- 
treme does not differ in any fundamental respect, so far as its 
general history is concerned, from that of other Mammals. We 
have described a corresponding period of functional activity, and 
have attempted to differentiate between an earlier phase of 
theea-interna cell-activity and an overlapping but somewhat later 
phase of lutein cell-nctivitj'. We have also described a corre- 
sponding period of regression, the regressive changes being well 
marked by the time the egg is ready for laying. 

But there is one point of difference in detail which is perhaps 
worthy of notice, nnd that is that regression sets in at a much 
earlier stage of embryonic development in the Monotremes than 
iu other Mammals and a considerable time before the mammary 
apparatus comes into use. Indeed, judged by the stage of 
development of the embryo in the newly-laid egg, it would seem 
aR if the period of functional activity of the Monotreme corpus 
luteum was extremely short, but we have, unfortunately, no 
knowledge of the rate of development in Monotremes. It may 
be comparatively slow like that of Keptiles, and is almost certainly 
slower than that of other Mammals. 

Various authorities — Bobotta(40), Marshall (87), and others — 
have called attention to the remarkable rapidity with which the 
corpus luteum attains its completed form in the Mammals 
generally. The Monotremes appear to conform to this general 
rule, though here again' we can only judge of time in terms of 
developmental progress. 

(4) The FolUcviar Mpithelium cmd Theca interne^ their 
functional rigmfieame before and a ftor ovulation. 

In the earlier part of this paper we havesh^i* that it is only 
when the oocyte k completing its growth that -the follicular 
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epithelium enlarges and becomes a conspicuous layer. At this 
time also, the theca-interna cells form an important constituent 
of the follicular wall. These facts are, we think, deserving of 
special emphasis. 

The oocyte of the Monotreme undergoes in the ovary a very 
noteworthy growth from a cell of microscopic dimensions to a 
relatively huge cell 4-4*5 mm. in diameter ; and it is a remarkable 
fact that the follicular epithelium and the theca interna, instead 
of becoming flattened out and attenuated during this enormous 
growth, actually increase and attain their maximum development 
around the oocyte shortly before ovulation takes place. The 
facts that this increase has no obvious direct relation to the 
growth of the oocyte, and that both layers, whilst glandular in 
character, are very distinct histologically, suggest the question 
whether each of these layers may not have, ir: addition to its 
prospective significance in corpus-1 uteum formation, some definite 
functional role to pla> prior to ovulation. That these two layers 
have a nutritive function in relation to the growing oocyte is 
admitted. The question is whether in the full-grown follicle 
one or other or both may not have acquired some other function. 
That, of course, is a question impossible to settle on histological 
grounds alone, but cot tain considerations in regard to it appear 
to be worth setting down. 

In the first place, we have the fact that the follicular epi- 
thelium attains its maximum development as such around the 
full-grown oocyte, and the further fact that after ovulation the 
follicular cells undergo marked hypertrophy to form the luteal 
cells. Jn view of the cvtological differences between the two, we 
may well suppose that they have quite different functions. As 
concerns the theca-interna cells, there aie no such marked 
differences in Platypus between these elements in the intact and 
ruptured follicle ns are seen in the case of the follicular and 
luteal cells, and, moreover, they would seem to attain their 
maximum glandular activity shortly after ovulation and whilst 
the corpus luteum is in process of formation. That being so, 
we conclude that the theca-interna cells function as well before 
as after ovulation, but are most active after the latter event.. 

It has been maintained by various observers — Robinson (36), 
Marshall & Wood (29), Allen (2), Allen and his co-workers 
(3), Hartman (18), end Courrier (12) — that the ovarian iodide, 
and in particular the follicular epithelium, is responsible for the 
production of a hormone follieuline,’’ Couirier) which is present 
in the liquor folliculi and which induces the condition of mstrus. 
A discussion of this problem is outside the scope of this paper. 
All we need say is that our observations on the Monotreme 
follicular epithelium are not in disaccord with this view, and that, 
in the absence of a fluid-filled Graafian follicle, the secretion, if 
it produced by the follicular epithelium, must be passed 
directly into the capillaries of the theca interna. Allen and his 
co-workers (4) have stated that “ the ovarian follicular hormone 
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can be extracted from ovaries of laying hens/’ where also the 
follicles are solid, but they say definitely they were unable to 
obtain it from full-sized follicles. 

On the other hand, Zondek and Aschheim in a recent paper (46) 
have come to the conclusion that the seat of origin of the cestrous 
hormone is in the theca-interna cells. They point out that, in 
the human ovary, these cells are very active from an early stage 
of the follicle, and they produce experimental results which, in 
their view, demonstrate that the granulosa cells of the follicle 
give a negative reaction so far as inducing oestrus is concerned, 
whilst the theca-interna cells yield a positive one. If the results 
of these observers are substantiated, we should still have to 
account for the remarkable development of the them- interna 
elements in the Monotreme which succeeds ovulation, and we 
should be forced to the conclusion that in the corpus luteum 
they must have quite another function. On the other hand, the 
histological evidence in the Monotreme leads us to conclude that 
they continue to produce in the early corpus luteum the same 
secretion as in the full-grown follicle, but what the precise 
function of that secretion is we can only speculate. If we assume 
that one of the functions of “ folliculine ” is to produce a con- 
dition of general hyperaemia in the genital tract, we might 
suppose that the secretion of the theca-interna cells served to 
activate the glands of the Fallopian tube and uterus. This 
would explain the continued activity of these cells after ovulation, 
since it is, of course, only after that event that the albumen and 
shell are secreted around the ovum, whilst it is some little time 
after the formation of these secondary egg-membranes that the 
uterine glands reach their maximal secretory activity (C. J. Hill). 

But the time is not yet ripe for a precise evaluation of the 
hormonal functions of the glandular constituents of the ripe 
follicle and the corpus luteum in the Mammals generally, and 
renewed investigations, with the appropriate technique, on the 
history of the theca-interna cells in higher Mammals are very 
desirable, in view of the conflicting statements On this subject 
which abound in the literature. 

Certain observers — 0. van der Stricbt (44), Corner (6), Gatenby 
<15), Solomons Sc Gatenby (41) — have shown that in the 
Mammals studied by them the theca-interna cells take a no 
inconsiderable part in the constitution of the fully-formed corpus 
luteum. According to the two observers first mentioned, they 
give origin, in the Bat and in the Pig respectively, to glandular 
cells closely resembling the luteal cells of follicular epithelial 
origin (so-called theca-lutein cells), whilst, according to the 
last-named observers, they give rise to the characteristic “ stellate 
-cells” of the human corpus luteum. 

On the other hand, Sobotta (38h who is a strenuous supporter 
of the exclusive derivation of the lutein cells from the follicular 
epithelium, maintains that the theca-interna ceils become trans- 
formed into connective-tissue fibroblasts, a vie# held by quite a 
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number of other investigators. Togari (42), however, who has 
more recently re-investigated the formation of the corpus luteum 
of the Mouse, fails to support Sobotta s statement. He finds 
that the theca interna of the mature follicle is formed of a layer 
of polygonal cells, one to two cells thick, the cytoplasm of which 
“ resembles a honeycomb with fat-like substance/’ After ovula- 
tion, the layer becomes of irregular thickness. Its cells remain 
in their original position at the periphery of the developing 
corpus luteum, and several hours after ovulation, some of them 
show signs of degeneration. This degeneration becomes more 
and more evident, until eventually they disappear completely 
about sixty hours after parturition, so that no trace of them is 
to be found in the full-grown corpus luteum. Togari affirms 
that the polygonal cells of the theca interna reach their maximal 
differentiation before the rupture of the follicle. He supports 
the view that they are nutritive in function, though he thinks 
44 their increase contrary to the decrease of the granulosa cells in 
the atretic follicle suggests their secretory function,” a conclusion 
we do not pretend to he able to follow. 

O’Donoghue (33) has called attention to the variation in the 
degree of development of the theca interna in Marsupials. He 
finds it best marked in Phascolomys wombat, where it is composed 
of rather elongated polygonal cells arranged three or four deep, 
and iu this respect it approaches the condition in many Eutheria. 
At the other extreme is Danyurus, in which he states that, 
although it is easily recognizable in the young follicle, it is 
almost indistinguishable from the theca- externa in the ripe 
follicle. We have examined preparations of both Dasyurus and 
Didelphys, and find, like O'Donoghue, that in the full-grown and 
nearly full-grown follicles, the theca interna is remarkably thin 
and scanty as compared with that of Plutypas, while in younger 
follicles it appears as a quite well-marked layer, in places approxi- 
mating in thickness to the follicular epithelium. It would seem, 
however, from the information available, that the thecal activity 
in the Marsupials is on somewhat different lines from that of 
the Monotremes, since Sandes (37) states that the theca interna 
forms only the vascular connecti\e tissue of the corpus luteum, 
whilst O’Donoghue (33) likewise thinks that it is largely used up 
along with the theca externa in forming the connective-tissue 
ingrowths, even if some of its cells are still existent in the 
completed structure. 

In any case, we have shown that in the corpus luteum of the 
Monotreme there are two sets of apparent glandular elements, 
perfectly distinct developments lly and cytologically, viz. the 
theca-interna cells which attain their maximum activity quite 
early in the history of the corpus luteum, and the lutein cells 
which reach their maximum differentiation later than the theca- 
interna cells and which function throughout the greater part of 
gestation, 

Now, whilst the ovarian follicle and in particular the follicular 
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epithelium is held to be responsible for the production of the 
cestrous hormone, the corpus lute uni is by nuiny authorities 
believed to have two main functions: (a) to produce a secretion 
which inhibits the formation of full-grown follicles, and therefore 
the onset of matrons during pregnancy ; (b) to produce a growth- 
stimulating hormone which induces growth of the uterus and of 
the mammary apparatus. We have no intention here of entering 
into any further discussion of this much- debated problem, but 
would merely emphasize the fact that in this paper w f e have 
provided from the histological aspect strong evidence in favour 
of the conception of a double secretory function of the corpus 
luteum at slightly different periods in its life-history. Such a 
conception, we may add, provides an explanation of some of the 
confusing and apparently contradictory results obtained by the 
use of corpus-1 uteum extracts, not only by physiologists but by 
gynaecologists. 

We desire to express our thanks to Mr. F. J, Pittock for his 
invaluable help in the preparation of the photographs and micro- 
photographs used in illustrating this communication, and to 
Mr. A. Kirkpatrick Maxwell for the care and skill he has 
expended in working them up for publication. 


EXPLANATION OF THE PLATES. 
List of common Referenced otters. 


BY. Blood-vessel or capillary. 

CC. Connective tissue core of corpus 
luteum. 

CF. Chondrioconteti. 

EB. Extravasftted blood. 

FC. Follicular epithelium. 

LG. Luteal cell. 

LS. Lymph-siuus. 

OO. Oocyte. 

OP. Opening or “plug” of corpus 

luteum. 

Figures 1 and 19 are the same size i 
figures have been very slightly reduced. 


PH. leucocyte. 

PL. Plftsmosome. 

RET. Trabeculae of medullary region 
of ovary. 

TE. Theca externa, 
s TEK Ingrowths of theca externa. 

; TI. Theca interna. 

Y. Vacuoles. 

YE. Yolk-spheres. 

Z. Zona pcllucida. 

the original photographs ; the remaining 


Plate I. 

Fig. 1. Left ovary of Platypus, Stage I, C, with two corpora lutea. For 
explanation see text, p. 728. X about 8. 

Fig. 2. llight ovary of Echidna , Stage VI, with a single corpus luteum. For 
explanation sec text, p. 729. X about 8. 


Plats II. 

Fig. 8. Follicular Wall of oocyte about full-grown, measuring 4BX4T mm. in 
diameter. The yolk-spheres ( YE) of the oocyte are seen in the upper 
part of the figure. BY. Capillaries in theca interna and membrana 

TT propria, EC. Follmhlav epithelium. MP. Hemhnma propria. TI. 

'"*** Theca interna. TE. Theca externa. Z. Zona, x 360. 

Fig. 6. Portion of medullary region of ovary of Platypu* (IU # % T&.viiLOl). 
showing the trabecul© (RET) carrying blood-vessels (J8f F>» C * 1 

amuses (LS), many of them containing a coagulum, and on fi 
of the figure, a small portion of a follicle, . 
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Plate III. 

Fig. 6. Portion of medullary region of ovary of Platypus (H) to show the 
preseucc of disintegrating yolk-spheres {YE) in the lymph-sinuses 
(L8). PET. Trabecula;. B V. Blood-vessels. X 150. 

Fig. 6. Portion of ovary of Platypus , Stage V, showing an atretic follicle in 
process of discharging the disintegrated remains of the oocyte (Z>0) 
into an underlying lymph-sinus (LS) through a break in its wall. FC. 
Follicular epithelium. TZ. Inner zone or theca. OO. Oocyte. TE. 
Theca externa. X 50. 


Plate IV. 

Fig. 7. Portion of ovarvof Platypus , Stage II, showing a more advanced stage m 
follicular atresia. FC. Follicular epithelium. LS. Lymph -sinus. 
OO. Oocyte. PO, Opening in follicular wall, through which contents 
are discharged. TE. Theca externa. VE. Yolk-spheres. Z. Zona. 
X 50. 

Fig. 8. Low-power view of section through the corpus luteum of Stage I, A. 

EBJf. Kxtravaxted blood in cavity of corpus luteum and in theca 
externa. 7 IV. Blood-vessel. LC. Luteal (follicular epithelial) cells. 
LS. Lymph-sinus. OP. Opening of cavity of corpus luteum. through 
which oocyte escaped. OO. Oocyte. TI. Theca interna. TE. Theca 
externa. The arrow indicates the part of the wall which is seen under 
higher magnification in fig. 9. X 34. 

Plate V. 

Fig. 9. Portion of the wall of the corpus luteum, Stage I t the position of which is 
indicated bv the arrow in tig. 8. BV. Capillaries. LC. Luteal cells. 
On the left of figure are detached luteal cells m the follicular cavity. 
TT. Theca- in tern a cells. TE. Theca externa. TE 1 . Ingrowth ot theca 
externa. X 230, 

Fig. 10. Peripheral poition of the coipus luteum, Stage II, showing the theca 
externa (TE) containing a blood-vessel (BE) and giving off an ingrowth 
(7'E l ), the theca-in terna cell-. (TI ), vacuolated, and the luteal cells (LC) 
containing chomlnocoutos (CP) and separated by interstitial connective 
tissue, in which run capillaries {BV). x 230. 


Pi. ate VI. 

Fig. 11. Another portion of the periphery of the corpus luteum, Stage II, showing 
the theca externa (7’L), the theca interna {TI) forming a layer of 
irregular thickness, syncytial-like in character and containing large 
vacuoles (T) and the luteal cells (LC) with chrondriocontes ( CF ). 
X 860. 

Fig. 12. Low-power view of section through the corpus luteum, Stage III. CO. 

Ketnains of blood-clot and connect ive-tissue core. LC. Luteal cells. 
L8. Lymph-sinus, OP. “ Plug of luteal tissue occupying site of 
foilicuiar opening. OO. Oocyte. TE. Theca externa. TE 1 . Theca 
externa ingrowths, along which are theca-interim cells. X 84. 


Plate VII. 

Fig. 18. Low-power view of section through the corpus luteum of Stage IV. In 
this case the “plug” or “bouchon” OP, marking the site of closure, 
takes the form of a circular cap with an overhanging margin, sur- 
mounting and continuous with the main body of the corpus luteum. 
BV. Blood-vessels. TE. Theca externa, TE 1 . Ingrowth of theca 
externa. X 84. 

Fig, 14 Portion of central region of corpus luteum, Stage IV. CF. Choudrio- 
contes. BV. Capillaries. LC- Luteal cells, TE. Interstitial connective 
tissue of then* externa. TI. Theca-interna cells. X 280. 
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Plate VI r I. 

Fig. IS. Portion of corpus luteum, Stage V. BV. Capillary. LC. Luteal cell with 
vacuolated nucleus. LC 1 , Degenernte luteal cell. TI. Theca-interna 
cells. X 360. 

Fig. 16. Portion of corpus Inteum, Stage V. BV. Capillary. LC L Luteal cell. 
TI. Theca-interna cells. X 350. 


Plate IX. 

Fig. 17. Low-power view of section through the corpus luteum of Echidna, 
Stage VI. BV. Blood-vessel or capillary. L8. Lymph-sinus. 00. 
Oocyte. X 34. 


Figs. 18, Plate IX., A Plate X. 19. High-power views of portions of the corpus 
luteum of Echidna, Stage VI. BV Capillary. CO. Colloid droplet 
in luteal cell. OS. Granular degeneration sphere. PH. Polymorpho- 
nuclear leucocytes PL. Plasinoaome. TE Interstitial connective tissue 
of theca externa. V Vacuole. VN. Vacuolated nucleus. X 600. 
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36. On some Larval Euphausiids from the Mediterranean 
in the Neighbourhood of Alexandria, Egypt, collected 
by Mr. F. S. Russell. By Marie V. Lebour, D.Sc., 
F.Z.S., Naturalist at the Marine Biological Laboratory, 
Plymouth. 

(“Received May 1, 1926 : Read June 15, 1926.] 

(Text- figures 1-4.) 

The following notes on some larval euphausiids collected by 
Mr. F. S. Russell while working for the Fisheries Research 
Department of the Egyptian Government are supplementary to 
the paper on larval Stylocheiron (Lebour, 1926 6). All come 
from the same series of samples taken within a radius of ten 
miles from Alexandria. The fact that so many were obtained in 
this region seems to point to a general movement, for the purposes 
of spawning, from the open sea to nearer land. This has already 
been noticed in the case of Megan yet iphanes norvegica and Thy- 
sanoessa inermis ( Lebour, 192 A, 1925, 1926 a). It does not 
follow, however, that shallow water is necessary, for the deep 
water begins very close to the land in the neighbourhood of 
Alexandria, and it is probably a question of the larvae obtaining 
more abundant food. In the case of Stylocheiron no larvae were 
taken after May 1st at a temperature of 21°*75 C., and these 
were nearly adult, the young larvae being obtained entirely in the 
early part of the year from January to March 1923, when the 
temperature was between 17°*8 C. and 18 0, 2 0. It is almost the 
same with the other larvae described here, the bulk occurring 
from January to March, only a very few being present in April 
and May. Those occurring at the highest temperature of 26° C. 
were two early Furcilia stages of Muphausia krohnii. No 
euphausiids occurred in the samples taken after June 4th, when 
from July to August the tempemture rose to 29° C. 

At the end of the paper is a list of all the specimens found, 
exclusive of Stylocheiron , which are recorded in the previous 
paper (1926 6) ; and here similar data are given of date, capture, 
locality, depth, length of rope out, and temperature. The depth 
at which the net was fishing is probably in the region of a quarter 
the length of rope used. 

Fourteen species of euphausiids are known to occur in the 
Mediterranean, and e ; ght or nine different larv© have been 
found in these samples. Of these, only two have not been 
identified, and these may belong to the same species, probably a 
Euphamia. The larv© of two species of Stylocheiron — S. mhmii 
and S. abbreviatum — have already been described, and three 

50 * 
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series of larvae are described here — Xematoacelis microps, Thyano- 
poda cequalis , and some stages of Euphanma krohnii, part of 
which Sara (1885) has already described and figured. Besides 
these, a few larv«3 of Xyctiphanes couchii and Meganyctiphanes 
norvegiea were found, making, with the unidentified forms, a total 
of eight or nine species in this neighbourhood. The only adults 
seen belonged to Stylocheiron suhmii. 

The Larvae o/Nematoscelis microps G . 0 . Save. 

(Text-fig. 1.) 

It is curious that the only Xernatoscelis larvae known belong to 
X. microps, which must be an exceedingly abundant species, 
Hansen (1912) describes a few stages, and Sars (1885) abo 
describes some under the name of X. rostrata , which is shown 
by Hansen to be synonymous with X. microps. The present 
material shows a fine series of larvae* from the second Furcilia to 
vaiious Cyrtopia stages. The series shows a development of the 
pleopods similar to Xyctiphanes and Meganyctiphanes , the second 
pleopod being setose before the appearance of the fifth. Charac- 
teristic of the larva is its small size, sharp, leaf-like, elongated 
rostrum, very conspicuous dorsal hump to the carapace, which 
has a strong lateral denticle, and long second thoracic legs at 
an early stage, which, even in the sixth Furcilia, are easily 
recognizable doubled in under a covering skin. 

The youngest stage found is presumably the second Furcilia, 
measuring 2*4 mm. in length, and having one pair of simple 
bud-like pleopods (text-fig. 1 , a, b). The next seen has one pair 
of pleopods setose and three pairs simple, presumably the sixth 
Furcilia (text-fig. 1, c, d ), measuring 2*7 mm. in length. These 
two stages correspond with the second and sixth Furcilia of 
Xyctiphanes and Meganyctiphanes , but it is conceivable that 
intermediate stages are skipped. It is striking that these stages, 
together with the tenth, seem to be dominant, as no intermediate 
stages were found, whilst these were abundant. Moreover, the 
sixth and tenth are the stages described by Hansen and Sars. 
In the sixth stage the long second thoracic legs can be seen 
doubled in. The next stage found, presumably the tenth, has 
four pairs of setose pleopods and one pair simple (text-fig. 1 , e, A 
measuring .2* 7 mm. m length, the second thoracic legs free and 
fairly long. After this comes a stage which may be either the 
last Furcilia or the first Cyrtopia, with all the pleopods setose. 
It is here regarded as the last Furcilia (text-fig. I, g\ measuring 
2*75 mm. in length. The antennae have still Wo un jointed rami, 
but the setae are almost gone and the whole organ very much 
diminished, so that 1$ey can be no longer used for swimming. 
The long thoracic legs are unfortunately broken. The stage here 
regarded as the first Cyrtopia (text-fig. 1 , h) measures 3*2 mm# in 
length. It has a two-jointed flagellum to the antenna, and the 
second thoracic legs are fully formed, the bent joint reaching 
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Text- figure 1. 



a , b, Second Furcilia, 2*4* mm. long, side and dorsal views. 21. 2. 28. 
c t d. Sixth Furcilia, 2*7 mm. long, side aud dorsal views. 21.2. 23. 
Tenth Furcilia, 2’7 mm. long, side and dorsal views. 13. 2. 28. 
g* Last Furcilia, 276 mm, loug. 18, 2. 23. 
h t j. First Cyrtopia, 8*2 mm. long, side and dorsal view's. 26. 1. 23. 
Tc. Telson of second Furcilia. 

?, Telson of sixth Furcilia. 

m. Telson of tenth Fm*cilia. 

n. Telson of last Furcilia. 

o. Antenna of last Furcilia. 

p. Antenna of first Cyrtopia. 
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nearly to the end of the antennules. There are a few later 
Oyrtopia stages present, but unfortunately the long legs are 
nearly all broken off. One adolescent stage with a pointed 
rostrum corresponds almost exactly with the figure of Nematoscelis 
rostrata of Sara (1885), which Hansen recognized as belonging to 
N microps. The eyes of all these stages are in two parts, some- 
what resembling those of Stylocheiron . The changes in the 
telson take place in the usual order. Seven terminal spines are 
present in the early Furcilia, the seven giving rise to five and 
sometimes to three. In the second Furcilia with one pair of 
simple pleopods there are seven giving rise to five, which in the 
specimen figured (text-fig. 1, k) are visible under the skin. 
This may, however, be abnormal, for in the sixth Furcilia with 
one pair of setose and three pairs of simple pleopods there are 
specimens with seven spines giving rise to three, which show 
under the skin. In the tenth Furcilia with four pairs of setose 
pleopods and one pair simple there are three terminal spines 
giving rise to one, with two pairs of long laterals in the last 
Furcilia, and in the first Cyrtopia the outer pair of long laterals 
have disappeared (text -fig. 1, h~7i). The Cyrtopias are all fairly 
early stages until the adolescent stage mentioned above. Here 
we have an almost complete series of young stages — enough to 
identify the species through all its early life. 

The Larvae o/Thysanopoda aequalis Hansen . 

(Text-fig. 2.) 

Another series of larvae in the Alexandria material almost 
certainly belongs to Thysanopoda cequatis . These have a certain 
resemblance to Nematoscelis , but differ in having no long leg and 
a blunter rostrum, although this is pointed and somewhat 
resembles that of Nematoscelis . The carapace is more massive, 
with less carination and a smaller dorsal knob placed not so far 
forward, and the whole animal is of a more clumsy build and 
larger in corresponding stages; moreover, the eyes are very 
characteristic, being of a peculiar oblong shape, with the lenses 
much raised, giving them a crenulated appearance. The develop- 
ment of the pleopods appears to take place in the same order as 
Nematoscelis , and there is a good senes of larvae in the samples. 
The first Furcilia (text-fig. 2. a, b), the earliest stage seen, 
measures 2*6 mm. in length. It has no pleopods, thus resembling 
Nyctiphanes , Meganyctiphanes , Thysanoesm % and Stylocheiron . 
It seems extremely likely that this stage without pleopods is a 
general one. The next stage present (text-fig. 2, c, <£), measuring 
2*9 mm. in length, improbably the third Furcilia having two 
pairs of simple pleopods. Then, apparently, several stages are 
absent, and the next seen, measuring 8*5 mm. (text-%. 2, «,/), 
probably the seventh Furcilia, has two pairs of setose pleopods and 
two pairs simple. Thus in the development of the pleopods it 
agrees with N smatosceUs, Nyctiphanes^ and Megcmyctiphanes, and 
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Text-figure 2, 



a, 6. First Furcilia, 2*6 nun. long, side and dorsal views. 13. 3. 23. 
c, d . Third Furcilia, 2'9 mm. long, side and dorsal views. 13.3.23. 

*,/. Seventh Furcilia, 3‘5 mm. long, side and dorsal views. 5.2.23. 

g . Tenth Furcilia, 3*7 mm. long. 6. 2.23. 

h. Last Furcilia, 8*8 mm. long. 6.2. 28. 

j. Telson of first Furcilia. 

k. Telson of third Furcilia. 

Z, Telson of seventh Furcilia. 

m. Telson of penultimate Furcilia. 
w. Telson of tenth Furcilia. 
o. Telson of last Furcilia. 

differs from Thyswnoessa and Stylocheiron (Lebour, 1926 a t b). 
The tenth Furcilia (text-fig. 2, y), measuring 3‘7 mm. in length, 
baa lour paittt of setose pleopods and one pair simple, and finally 



770 


DU* MA3UE V. hmoVH ON SOME LARVAL 


there are two Furcilia stages with all the pleopods setose and 
several Oyrtopia stages measuring up to 5*5 mm. in length. 
The last stages seem to be recognizable as Thysanopoda oequalis 
by the antennules, although these are by no means fully developed. 
The telson has a tendency towards quick development, and 
although the first Furcilia has the usual seven terminal spines, 
the third has only five, the seventh and the tenth have three, the 
penultimate Furcilia has one with two pairs of laterals, and the 
last Furcilia and all the Cyrtopia stages have only one pair of 
laterals (text-fig. 2, j, o). 

Thysanopoda cequalis in its larval stages is very unlike the 
description given by Sars (1885) of 1\ tricuspidata , but the eyes 
are in two distinct parts in both, although differently situated, 
and the pleopods apparently develop similarly, there being a first 
Furcilia with no pleopods at all. 

The Larvce of Euphausia krohnii Brandi . 

(Text-figs. 3, 4, a-d .) 

At present the only species of Euphausia whose development 
is known in more than one or two stages is E, peUuoida , described 
by Sars (1885). This has been shown by Hansen to be a mixture 
of two or three species belonging to the krohnii group. Most of 
those figured are almost certainly the younger stages of E. krohnii . 
Sars described them from the second Oalyptopis up to an early 
Oyrtopia, but the Oyrtopia must belong to another species, for in 
the Alexandria samples there is a series of larvae from metanau- 
plius to Cyrtopia, and this last still retains the fringed rostrum 
•characteristic of all the younger stages which is absent in the 
Oyrtopia figured by Sars. 

The metanauplius and first Oalyptopis are described here for 
the first time. Sars describes the second and seventh Furcilia, 
having one pair of simple pleopods, and one pair setose, with four 
pairs simple respectively. Curiously enough, no stages between 
these two have been found in the Alexandria samples, although 
many specimens of both these stages occurred. Possibly this is 
again a case of jumping over several stages, which was suggested 
above for Nematoscelis. Mr. Elmhirst, of Millport, has given me 
many instances of skipping stages in Meganyctiphanes norvegica , 
although this is apparently abnormal for that species. 

There is now a series of larv© of E. krohnii known from 
metanauplius to Cyrtopia, showing that it develops somewhat 
differently from Nyctiphanes, Meganyctiphanee, Nematoscelis, and 
Thysanopoda with regard to the pleopods. Other Euphausia 
species, however (Tatteraall, 1925), go through a stage with one 
pair of pleopods setose &>d three simple, so that it may be pre- 
sumed that the series in Euphausia develops normally in this 
way, but, unlike the NycHphanes group (including those genera 
cited above), the Furrilia following the stage having one pi coped 
setose and three simple has the fifth pleeped simple before the 
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second is setose, instead of having two setose before the fifth has 
formed, thus also differing from Thysanoessa, in which there is 
a stage with all pleopods simple before any are setose. 

The metanauplius of Euphansia kroknii (text-fig, 3, a, b) has 
the typical fringed rostrum, broad and bordered with spines. 
The length from the anterior end of the rostrum to the posterior 
end of the telson is 0*4 mm. The body is bent almost at a right 
angle, and there are two seta? projecting from the dorsal angle 
almost at the centre of the body. The telson is armed with 
six spines. 

The first Calyptopis (text-fig. 3, c) measures 0*88 mm. in 


Text-figure 3. 



JEuphausia hrohnii . 

«, b. MetananpliuB, 0*4 mm. long, dorsal and side fiewe. 23, 1.23. 
c. First Calyptopis, 0*88 mm. long. 23. 1.23. 


length, the rostrum now being much smaller in proportion to 
the rest of the carapace. There is a long spine at the extreme 
posterior end of the carapace which continues through several 
larval stages. The telson is armed with the usual number of 
spines, one lateral pair at the sides, one lateral pair just above 
the posterior angle, two pairs of posterior laterals, only the outer 
pair of which is long in this stage, and seven terminal spines. 
In the second and third Calyptopis, which are similar to Sars’s 
figure, the inner laterals are long ; the rostrum is like the first, 
with a fringed border which, in the earliest Furcilia seen (here 
regarded as the second), still partly covers the eyes. Indeed, the 




a~d. Buphausia krohniL 
a. Seventh Furcilia, 3 mm. long. 1. 5. 23. 
b, e. First Cyrtopia, 3*7 mm. long, side and dorsal views. 21. 3. 33. 
d. Telson of first Cyrtopia. 

#-m. Euphaurta sp. (?). 

e, f. Second Calyptopis, 1*6 mm. long, side and doml views. 23.1. 28. 
g, a. Third Calyptopis, 1*8 mm. long, aide and dorsal views. 23. 1. 28. 
j, k. Second Fnrcilia, 2 mm. long, side and dorsal views. 28. 1.28. 

I, m. Sixth Fnrcilia, 2*8 mm. long, side and dorsal views. 28. 1. 23. 

n. Cyrtopia (first or second) of Euphavtia sp., 3*34 tm». long, h 5. 28. 

o. Telson of same. 

p~i. 8iy?*eh*iro* tuhvUi 0. 0. Sara. 

p. First Calyptopis, 1*23 W* 28.1.28. 
g. Second Calyptopis, 1*7 6 mm. long. 23. 1. 23. 
r. Third Calyptopis, broken. 28,1.28. 

a. Telson Of second Calyptopis. 
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large fringed rostrum extends partly over the eyes, even in the 
early Oyrtopia. The second Furcilia with one pair of simple 
pleopods measures 2*4 min. in length, and still has the long 
posterior spine on the carapace. It is similar to Sars’s first 
Furcilia, which he describes and figures. The next stage seen is 
also described and figured by Sars (as the second Furcilia), having 
one pair of setose and four pairs of simple pleopods. This is 
such a characteristic stage, and, so far as is at present known, 
occurring only in this Evphauaia , that it is of great importance, 
and is re-figured here (text-fig. 4, a). This appears to be the 
seventh Furcilia, and is one of the dominant stages constantly 
occurring. No stages intermediate between this and the second 
Furcilia have been found, neither have later stages been found 
between this and the last Furcilia. The seventh Furcilia 
measures 3 mm. in length, and has lost the long po.sterior spine 
of the carapace. The Furcilia with all pleopods setose is pre- 
sumably the last. It measures 3*3 mm. in length, and corre- 
sponds with Sars’s last Furcilia. A Cyrtopia, measuring 3*7 mm., 
probably the first (text-fig. 4, h , c, d\ has still a fringed rostrum, 
the antenna? having a well-marked flagellum and scale. This 
differs from Sars's first Cyrtopia in having the fringed rostrum, 
the two being almost certainly different species. 

There is another euplmusiid larva in the samples, probably a 
Euphau&ia (text-fig. 4, e-m). This is a very small species. The 
second and third Calyptopis and the second and sixth Furcilia 
are present. The Calyptopis stages, measuring 1*6 mm. and 
1*8 mm. in length respectively, have a simple oval carapace, the 
telson bearing seven terminal spines. At the posterior end in 
the third stage the carapace seems to be drawn out slightly when 
viewed sideways, giving it the appearance of a spine ; hut this 
disappears in the dorsal view, and the carapace is indented 
posteriorly in the second Furcilia, which measures 2 mm. in 
length and has one pair of simple pleopods. The eyes are small 
and round, and the carapace pointed anteriorly in a leaf-like 
rostrum which is quite unlike that of Evphavsia hohnii . The 
sixth Furcilia measmes 2‘3 min. in length and has one pair of 
setose and three pairs of simple pleopods, the rostrum being 
rather more elongated. At the side of the cai apace in these two 
Furcilia stages there is a fairly strong lateral denticle. 

A Cyrtopia (first or second) which may belong to this species 
is almost certainly a species of Euphavsia (text-fig. 4, w, o). 
This measures 3*84 mm. in length and has a leaf-like rostrum 
very much like the earlier larva? described above. The antenna? 
have a well-formed flagellum and scale. This stage resembles 
closely the first Cyrtopia of E. krohnii described above, differing 
in its rostrum and general figure. The telson is similar in both, 
with three terminal spines. 

Three Calyptopis stages of what is almost certainly Stylocheiron 
tuhtnii occurred (text-fig. 4, ps). These were found after the 
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paper on the other larval stages of this species was in the press 
(Lebour, 1926 ft). The last Oalyptopis was, unfortunately, in- 
complete, but showed the rudiments of the pear-shaped eyes with 
its few anterior lenses so characteristic of this species, and the 
telson of the first and second stages had only si* terminal spines. 
S. suhmii is so far the only euphauaiid known which has only six 
in the second Oalyptopis, although ThysanotBm inermis has only 
six in the first Oalyptopis but seven in the second. These 
Oalyptopis stages of S, suhmii aie somewhat clirysalis-like in 
form, with the joints of the abdomen unusually smooth and 
flattened and the carapace closely fitting, so that, when extended, 
the whole outline is smooth. The first Oalyptopis measures 
1*28 mm. in length, the second 1*76 mm. ; the third has the end 
of the abdomen missing. 

From these notes it is seen that a large number of larval 
euphausiids are contained in these samples which help to throw 
light on the general development of the group. All develop in a 
similar way to a certain extent, but there are important dif- 
ferences, some of which appear to be generic ( e . g. in the order 
of development of the pieopods), others specific (e. g . in the 
number of terminal spinas on the telson or the presence or 
absence of lateral spines on the carapace). 

A survey of all euphausiid larva? known, with some notes on 
their general development, is now written and ready for 
publication. 
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Data showing the Catches of Larval Ea/ihausiids 
in the Samples. 

1923. 

Jan. 23rd. Lat. 31° 11' 80" N., Long. 29° 48' 20" E., 10. T, a.m., depth 17 f, 
length of rope out 20 f. Nematoseelis microps : one 2nd Furcilia, two 6th Furcilia, 
two 10th Furcilia. Thysanopoda aqualis: one 3rd Furcilia, two 7th Furcilia, five 
Cyrtopia. Euphausia kroJmii : two metaiittuplii, twenty-four 1st Calyptopis, 
tliirty-one 2nd Calyptopis, eleven 3rd CalvptopiB, six 2nd Furcilia. Euphausia Bp. : 
one 2nd Calyptopis, two 1st Furcilia. 

elan. 25th. Lat. 31° 9' 20" N, Long. 2tT 41' 00" E., 9 a.m., depth 17 f., length 
of rope out 20 f., surface-temperature 17‘8° C. Nematoseelis microps: one 10th 
Furcilia, two Cyrtopia. Thysanopoda cequalis: one 10th Furcilia, two Cyrtopia. 
Euphausia krohnii : two 2nd Calyptopis, two 3rd Calyptopis. 

Feb. 5th. Lat. 31 y 19' 40" N., Long. 29° 41' 00" E., 2 r.M , depth over 100 f., 
length of rope out 60 f., surface-temperature IS*! 0 C. Thysanopoda cequalis : 
two 7th Furcilia, seven l‘>th Furcilia, seven last Furcilia, eight> -three Cyrtopia. 

Feb. 21st. Lilt. 31° 12' 30" N., Long. 29‘ 47' 00" E., 3.45 p.m., depth 23 f., length 
of rope out 50 f., surtace-teinperature 181° C. Thysanopoda cequalis : five C\ rtopia. 
— Lat. 31° 11' 30" N., Long. 29' 45' 20" E. f 11.10 a.m., deptu 20 f., length of rope 
out 30 f., surface-temperature 17'5° C. Nematoseelis microps : one 2nd Furcilia, 
one 6th Furcilia. Euphausia krohnii : twenty-six 2nd Calyptopis, fifty-two 3rd 
Calyptopis, twenty-eight 2nd Furcilia, six Htli Furcilia. Euphausia sp. : one last 
Calyptopis, 

Mar. 12th. Lat. 31° 16' 15" N., Long. 29° 51' 30" E., 11.1 a.m., depth 30 f., 
length of rope out 50 f., surface- temperature 1675° C. Nematoseelis microps : 
five 2nd Furcilia, five 6th Furcilia, one 10th Furcilia, one last Furcilia, one 
Cyrtopia. Thysanopoda cequalis : five 3rd Furcilia, eight 7th Furcilia, four 
last Furcilia, three Cyrtopia. Euphausia krohnii : one 1st Calyptopis, one last 
Calyptopis, twenty-five 2nd Calyptopis, thirty-six 3rd Calyptopis, thirty-one 2nd 
Furcilia, five 6th Furcilia. Euphausia sp.: one 1st Calyptopis. Nyctiphanes 
couchii : one 2nd Calyptopis. Megan yd iphanes ncn'vegira ; two 1st Fuicilta. 

Mar. 13th. Lat. 31° 14' ,30" N., Long. 29° 38' 40" E., 9.45 a.m., depth 29 f., 
length of rope out 60 f., surface-temperature 17*4° C. Nematoseelis microps : five 
2nd Furcilia, five 6th Furcilia, two 10th Furcilia. Thysanopoda cequalis : two 
1st Furcilia, five 3rd Furcilia, ten 7th Furcilia, five Cyrtopia. Euphausia krohnii : 
four 2nd Calyptopis, fourteen 3rd Calyptopis, ten 2nd Furcilia, two 6th Furcilia. — 
Lat. 31° 8' 00" N., Long. 29° 40' 50" E., 11.44 i.m., depth 29 f., length of rope 
out 15 f., surface-tern perat ure 17*4° C. Nematoseelis microps : one 2ud Furcilia, 
two 6th Furcilia. Euphausia sp. : one 2nd Calyptopis. Nyctiphanes couchii : oue 
last Furcilia.— Lat. 31° 8' 00" N., Long. 29° 40' 50" E. f depth 14 1., length of rope 
out 37 f., surface-temperature 17*6° C. Thysanopoda aqualis : two 3rd Furcilia. 
Nyctiphanes couchii x one let Furcilia. 

April 10th» Lat. 81° 14' 15" N., Long. 29° 61' 16" E., 10 A.M., depth 25 f., length 
of rope out 60 f., surface-temperature 18*2° C. Thysanopoda cequalis : one 7th 
Furcilia, two Cyrtopia. 
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May 1st, Lat. 81° 18' 80" N., Long* 89° 49' 80" E., 10*86 a.m., depth 87 f., length 
of rope out 60 f,, surface-temperature 21'75° C. Nematotcdis micropt : one 6th 
Fnrcilia, one Cyrtopia. Thytanopoda atqualis: three 7th Fnrcilia, two 10th 
Furcilia, two last Furcilia, five Cyrtopia. JSuphautia krohnii : one 2nd Fnrcilia, 
one 6th Fnrcilia. Euphausia sp. : one Cyrtopia (possibly a different species).-*- 
Lat. 81° 16' 30" N., Long. 29° 60' 16" E., 9.17 a.m., depth 25 f., length of rope out 
26 f., surface-temperature 21*8° C. Nematoacelti microps : one 6th Furcilia. 

June 4th. Lat. 81° 18' 46" N„ Long. 29° 46' 00" E., 11,87 a,*., depth 28 f„ 
length of rope out 40 f,, surface-temperature 26° C. Euphautia krohnii : two 2nd 
Furcilia. 
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37, Note on the Occurrence o£ Hybrid Anura at Lobatsi, 
Bechuanaland Protectorate. By J. H. Power, 
P.Z.S. 


[Received April 13, 1926 : Read June 1, 1926. j 

(Plate II.*) 

That different species and even genera of Anura pair is a well- 
known fact, hence, it is not surprising that Bufo carens and Bufo 
regular is were found pairing at Lobatsi ; a male B. regularis with 
a female B. carens and vice versa. 

These two toads are, however, so widely separated morpho- 
logically that one is naturally very interested in the result of 
such a combination. 

Unfortunately the writer was unable to secure the eggs of 
such pairs owing to the great numbers of toads breeding in the 
same pool. Young and half-grown specimens were extensively 
collected, and these yielded two which, in the writer’s opinion, are 
hybrids. (a) and (c) on the accompanying Plate have the 
following characteristics of B . carens. 

Flank marked off distinctly from the dorsal surface by a 
glandular dorso-lateral fold and by contrasting colours. The 
tarsal fold very well developed and occupying the whole length 
of the tarsus. The fingers and toes slender, with the exception 
of the third finger of the left hand in (a) which is very short and 
thick. The fourth finger of the right hand and the third of the 
left are short and thick in (c). The first finger is the longest in 
both. 

Both specimens resemble B. regularis in the presence of 
distinct parotoid glands ; these are rather fiat in (c) but quite 
prominent in (a). 

(a) seems to have more of the characteristics of B . regularis , 
while (c) is more like B. carens. The skin in both specimens is 
comparatively smooth ; the dorsal surface has scattered and very 
fiat tubercles. The snout in both cases is typical of juvenile 
specimens of B . carens . A specimen of B. carens (a) about the 
same age and a specimen of B, regularis (b) slightly younger are 
shown for comparison. ' 

The presence of a thin vertebral line and scarlet patches in the 
axillary and inguinal regions in (a), also at the posterior part of 
the body covered by the legs when at rest, raises the question 
as to whether Bufo tuberculosus Boo. may not be a cross between 
B . regularis and B. carens . All three species occur at Lobatsi, 
B. tuberculosus being the least plentiful and B, carens the most 
plentiful. 


* For explanation of the Platt fee p» 778* 
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EXPLANATION OF THE PLATE. 

A. Hybrid with prominent parotoids, (Natural size.) 

B. Bufo regularit for comparison. (Natural size.) 

0. Hybrid with flattened parotoids. (Natural eiae.) 

D. Bufo earns for comparison. (Natural size.) 

The above are all from Lobatsi, B.P., and are about two-thirds grown except (b) r 
which is only half grown. 
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38. On Marine Chirnnomidae (Diptera) ; with Descriptions 
of a New Genus and four New Species from Samoa. 
By F. W. Edwards* (British Museum, Natural 
History). 

[Received April 27, 1920 : Head June 15, 1920.] 

(Text-figures 1-8.) 


A. A Review of Present Knowledge of Marine Cbironomidie 779 

1. Unmodified Species: — 

Ortkocladiu* spp. . .... 780, 781 

Trichoc? cohns spp. ... 781,782 

Camptocladins 782 

2. Modified Species : — 

(Vunio 785 

Thalassomyta 786 

Campon tin 787 

Hahrytus and allies 788 

Eretmoptera 789 

B. Some New Species from Samoa : — 

Clunio pa c [ficus, sp. n 790 

Tanytarsus halophiltr , sp. n 791 

Tanytarsus maritimus , sp. n 794 

Tontomyia natans t sp. n. 790 

A. Marine Chihonomidjs: a Review of Present Knowledge. 


Flies of the family Chirononiidio are amongst the most 
ubiquitous of insects, and their larva? are to be found in almost 
every collection of water, large or small, no matter where 
situated and no matter how saline its composition. The 
existence of Chironomid larva? in the sea has been known ever 
since 1830, when Johnston first described his famous Campontia 
erucifvrmis ; since that date quite a number of such species have 
been reported from various parts of the world. Before pro- 
ceeding to describe the remarkable insects found by P, A, 
Buxton in Samoa, it will be useful to summarize our knowledge 
of sea-breeding (Jhironomida* in other parts of the world. In 
this connection we need only concern ourselves with those which 
breed in freely-moving sea water. In addition to these, there 
are many others which are move or less definitely addicted to 
brackish or salt water, either near the coast or in inland salt 
areas. A number of these have been discussed by Thienemann 
(29) in his paper on salt-water Chironomid®. The biological 

* Communicated by Dr. P. A. Buxton, F.Z.S. 

Proc. Zool. Soc.— 192(5, No. LI* 
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conditions of isolated and stagnant collections of salt water, 
however, are quite different from those obtaining in the sea 
itself, arid many larvae which are able to stand any degree of 
salinity in still water are never found in water which is open 
to tidal action. This is especially noticeable in the case of the 
coastal mosquitoes, and it appears to be true in general of 
ChironomidfB also, although it is not improbable that some 
of the mud-inhabiting forms may be found to occur in both 
stagnant and tidal areas. At present few data are available 
with regard to such estuarine Chironomid© as may fall into this 
category. 

With the possible exception of some of the mud-inlmbiting 
forms just referred to, none of the species which are truly marine 
are found breeding anywhere except in the sea. It is remarkable 
that none of them, so far as known, show any noteworthy 
modifications in either the larval or the pupal stage, except that 
the blood-gills of the larva and the prothoracic respiratory horn 
of the pupa are often reduced or absent. In many cases also, 
the adults have undergone hardly any change; but, on the other 
hand, many of them are more or less profoundly modified : first, 
by the loss of the secondary sexual characters of the male, the 
antenme coming to resemble those of the female ; and, secondly, 
by the partial or complete loss of the wings and balteres. We 
will briefly discuss the various forms known in these two 
categories. 


1. Unmodified Species. 

Practically all the species known to fall into this category 
belong to the tribe Orthoclndiarift in the sense of Kieffer. 
Almost the only exceptions are some species of Culicoides (sub- 
family Ceratopogonin©) which have been recorded as breeding 
in mangrove swamps ; sucli are Culicoides marium Lutz of Brazil, 
and 0* maculithorax Williston of South and Central America 
and the West Indies. The remaining species are mentioned 
below ; I have included two British forms which have not 
hitherto been recorded. The genera represented are all widely 
spread, and most of their members breed in fresh water, a few 
even being terrestrial. 

Orthocladius oceanicus (Packard) (24). — Larva) were dredged 
from a depth of 30 fathoms in Salem Harbour, ILS.A. Johann- 
sen (12) and Thienemann (29) have pointed out that the species 
belongs to the Oi'thocladius group, but its exact position is 
uncertain ; it may perhaps be a Psectrocladius or a Trichocladius ; 
if the latter, it is not impossible that it may be identical with 
the North European T. variabilis Stafg. 

Orthooladius {Dactylqcladius) kervilki Kieffer (17). — Beared by 
Gadeau de Kerville frbm larvae found in a disused oyster-bed 
on the Normandy coast. The species has no^gbeen recorded 
since, and it seems doubtful if it is a truly marine form. Larva? 
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of a species of Chirononms were found associated with it, and 
have been described by Potthast (25). 

Orthocladius ( Dactylocladi us ) mercieri Kiefler and Oam ptochidius 
{Ph<rnodadius) rupicola Kiefler (in Mercier, 23 a). — Captured on 
a rock between tide-marks on the Calvados coast. Though 
Mercier classes both species as truly marine, he does not state 
whether the early stages were obtained. 

Trichocladius varinhilis (Stneger). — Having examined the types 
of Stagger's Ohiro nonius variabdis , L find that this species belongs 
to Tnchocladius , and is probably identical with Alvcrdes’s T. 
marinas and Kiclter’s T. halophilus . Jt is widely spread in 
North Europe, and 1 have also seen specimens from the Faeroe 
Islands and Iceland which sonrcely differ. It was first recorded 
as a sea- breeding species by A1 vcrdes (1), who found larva* in 
water of varying degrees of salinity and various depths in the 
Norwegian fjords near Bergen, among roots of seaweed. Thiene- 
l nan n (24, 30 ) records it from Kiel, the Swedish west coast 
<Kullen), and also from inland salt areas of Westphalia, stating 
that this species is one of the few which occur in salt water both 
inland and in the sea. Whether the insects from Westphalia 
are the same species is perhaps open to question ; there are 
certainly several very closely-allied hut apparently distinct forms 
which will breed in brackish or even quite fresh water, one of 
these being common on muddy shores in Britain. r l\ variabdis 
has also been found breeding in the sea in Scotland ; the larvio 
are said by Mr. U. Elm hirst to occur frequently among Entero- 
morpfta intestinal is, being generally found inside the hollow 
fronds. These specimens were recorded by Elmhirst (9) as 
Orthocladius sordidellus Zet-t., but 1 find on examining the 
material that the determination was incorrect. 

Camptocladius thnlassophilus Goet. — This was found by 
Bequaert and Goetghebuer (3) on the mole at Zeehrugge, the 
males hovering in the air and the females running over seaweed 
and rocks exposed at low tide. Mating was observed, and it is 
of interest to note that, instead of the female flying into the 
swarm of males (as usually happens), males nowand again left 
the swarm and pounced on females as they sat on the rocks. It 
looks as though we may have here the first sign of tho commence- 
ment of degeneration in the female. Larvae were not found, 
but the authors were convinced from the lmhits of the adults 
that they must breed in the sea. This view derives strong 
support from the fact that the species has since been found in 
Britain under similar conditions. The late W. Evans recorded 
finding the males flying low over rock-pools near Edinburgh, 
and J have myself seen them on the coasts of North Devon, 
South Hampshire, and the island of Arran. 

Orthocladius (Dactylocladius) brevifurcatus, sp. n. (Text- 
fig. I, a and c.) 

. Body all black ; pleural membrane, palpi, legs, and halteres 
dark brownish ; wings milky-white. 
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Antennae with the lest segment a little longer than the previous 
12 together; tip pubescent; plumes moderately dense. Palpi 
of normal structure. Thorax without pruinescence, mesonotum 
somewhat shining. Abdomen with a moderate amount of dark 
hair. Hypopygiom (text-fig. 1, a) with a rather short, sharp, 
bare dorsal point ; side-pieces with small rounded tubercular lobe 
beyond the middle ; claspers blunt-ended, with a small apical 
lobe which in dorsal view covers the short spine. Tibiae and 
tarsi with rather long hairs, the longest about three times as 
long as the diameter of the segment bearing them. Empodium 
about as long as the claws. Wings (text-fig. 1, c) with a slight 
brown tinge by transmitted light ; surface quite bare. Costa not 
extending beyond tip of radius, and ending at about five-sixths 
of the wing-length, just above the tip of Cu 1. R 2+3 ending 
well beyond the middle point between the tip of R 1 and that 
of R 4+5. if ending at tip of wing. Cubital fork very short, 
the distance of its base from r-m being greater than the length 
of its lower branch. Cu 2 quite straight. About half-way 
between r-m and fCu a slight fold in the wing runs parallel 
to Cu 2. 

Length of body, about 1*8 mm. ; wing, 1*3 mm. 

15 6 (co-types), Swanage, Lo^et. 6. ix. 1906, “in great 
numbers hovering in flocks over boulders on the sea-shore ,r 
( Lt.-Gol. Yerhury). Also 4 6 , Porlock Weir, Somerset, 10. vi. 
1922, flying on shore between tide-marks (F. If. Edwards). 

This small black species at first sight resembles Camptocladvas 
Ihcdassophilus, but the legs are darker and the venation is quite 
different. 

Triciiocladius fucicola sp. n. (Text-fig. 1, b .) 

d . Body blackish ; palpi, legs, and sometimes the pleural 
membrane brown; wings greyihh -white, anterior veins hardly 
darkened ; halteres pale yellowish. 

Antenna* rather shorter than usual, the plumes not very dense 
though quite well developed ; last segment about 0*6 times as 
long as the preceding 12 together, these mostly about as broad 
as long, one or two at the base rather shorter. Palpi of normal 
structure, moderately long. Eyes densely hairy. Thorax usually 
with slight pruinescence, mesonotum slightly shining. Abdomen 
dull, with dark hair, Hypopygium without dorsal point : side- 
pieces with prominent basal lobe ; claspers scarcely lobed at tip, 
with very stout blunt spine. Legs short-haired. First segment 
of front tarsi about two-thirds as long as the tibia ; fourth and 
fifth tarsal segments about equal in length. Empodium longer 
than the claws. Wings with very slight brown tinge by trans- 
mitted light; surface bare. Anal lobe moderately produced. 
Costa extending slightly beyond tip of .K 4-k5 and ending well 
beyond the level of the tip of Cu 1 ; R 2+ 3 ending much nearer 
to ill than to i?4+5; r-m nearly vertical and somewhat 
darkened ; fCu distinctly beyond r-m. 
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$ . Head blackish, slightly shining. Thorax mainly blackish, 
but shoulders obscurely ochreous, and the mesonotal stripes 
rather indistinctly separate. Antenna? 7 -segmented; 2 some- 
what constricted before the middle ; 3-6 shortly oval with short 
slender sense-bristles and rather short verticils; 7 not quite as 
long as 4-6 together, without verticil, but with about a dozen 
•curved sense-bristles arranged in three or four rows. Legs and 
wings as in the 3 . 

Length of body, 3 3 nun., J 2-2*5 mm. ; wing, 2 mm. 

5 c?, 1 ?, Porthcawl, Glamorganshire, 13. vii. 1906, u taken 
hovering in the air over seaweed -covered rocks near low- water 
line” (Lt.-Col. Yerbury ) ; also 3 3 (including type), Bucks Mills, 


Text- figure 1. 



llypopygium (a) and wing (c) of Ortliocladius brevifurcatu$> sp, n. 
Hypopygium (ft) of Trichocladius fucicola , sp. h. 

IN. Devon, 18. vi. 1922, flying on shore between tide-marks 
(F. W. Edwards ) ; and 5 3 , 1 $> , Brodick, Arran, N.B., 22-25. 
v. 1919 (F. W. Edwards). 

This is probably the species recorded by Elmhirsb (9) as occur- 
ring in the Clyde area, “ chiefly amongst Polysiphonia fastigiata , 
but also amongst JZostem and other weeds, at all tidal levels.” 
Specimens sent me by Mr. Elmhirst appeared to agree with the 
types, but as they had lost their antenna? the identity is not 
quite certain. The most striking character of the species is the 
relatively short terminal segment of the male antennas. 

2. Modified Species. 

Of greater interest than the forms just discussed are those 
which show some modification in the adult in connection with 


784 


MR. F. W. EDWARDS ON 


their changed habitat. All of these are purely marine, the adults 
being found only on rocks and weed exposed at the lowest tides. 
Like the more normal species already referred to, all of them 
have a w’ell-developed hairy empodium, which is believed to assist 
its possessor in running or skating over the surface of water ; 
in some, such as Paraclunio , the empodium is unusually large 
and thickly branched. The reduction of the wings, first in the 
female and then also in the male, is a phenomenon which occurs 
in a number of other littoral flies 

All these marine forms have been placed by Kieffer ( 19 ) in 
his subfamily Olunioninas the main if not the sole diagnostic 
character of which is the absence of a comb on the four posterior 
tibiae. That the use of this character for defining a subfamily 
leads to an artificial grouping of genera seems fairly evident. 
The curious lacustrine genus Corynoctra , also placed in Clunio- 
ninse by K-ieffer in 1913, has the long front tarsi and rigidly 
extended male claspers of the Chironomm group, and in the 
writer’s opinion is to be regarded as a remarkably specialized 
form of Chiron omus . Probably the same is true of the Indian 
genus Nepalia, but most of the remaining genera of Clunionime 
have the first front tarsal segment shorter than the tibia and 
the male claspers articulated and infolded in repose, in both 
these respects agreeing with the Orthockcdius group of genera. 
They nevertheless show considerable variation in structural 
details, which almost certainly indicates a multiple origin from 
different branches of the Orthocladius group. This conclusion, 
based on adult morphology, has also been arrived at by Thiene- 
mann ( 30 ) from a study of the larvae. 

Reduction of the wings occurs in a number of Chironomidse , 
and is associated with various conditions of life. Apart from 
the marine forms under discussion, it occurs in several non- 
marine insular forms, and there is one case on record (the genus 
Cataliptus , described by Bezzi from North Africa) of a cave- 
dwelling species having lost its wings. Some of these degraded 
species, though placed in separate genera, have departed but 
little in essential structures from their parent species. Thus 
the two arctic species included by Holmgren in his genus Smittia 
appear to me from a study of the types to be subapterous species 
of Camptocladius (S* brevipennis ) and Metrioonemus ($. longi- 
pennis), and the antarctic Belgica , to judge from the description, 
might well be simply a subapterous Orthocladius. 

Most if not all of the species with reduced wings also have 
similar antennae in the two sexes, those of the male having come 
to resemble those of the female by the loss of the “ plumes r and 
reduction in the number of segments. That this should be so is 
not at all surprising when one remembers that the plumose 
male antennae of the normal Ghironomid ar<# connected with 
their aerial mating habits. A change of the mating area from 
the air to the ground might waff initiate a change in the 
secondary sexual characters^ the males. 
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The adults of the marine species have been observed skating 
over the surface of the water as well as running rapidly over 
rocks, and the winged forms take short flights close to the 
water’s surface. Some are also able to stand submergence, one 
species {Clunio cidriaticus) having been found below the sea among 
Mytilus colonies. This, however, is exceptional ; the fact that 
newly-emerged adults appear shortly after the tide 1ms receded 
and accomplish both mating and oviposition before the return 
of the water strongly suggests that normally they live only these 
few hours. According to Chevrel, both Clunio and Thalassomyia 
live in zones which are uncovered only by the lowest tides, and 
are therefore dependent on the lunar cycle. 

Clunio Hal. 

Apart from the still somewhat problematical Campontia , this 
was the first marine Chironomid to be recorded, Hal id ay having 
described the male in 1855, although it was not till 1894 that 
the female and larva wen* discovered independently by Chevrel 
(6) and Carpenter (5). A full historical summary of our know- 
ledgn of the genus up to 1915 has been given by Bezzi ( >, 
some further details regarding the larval and pupal anatomy 
have been furnished by (4oetghebuer ( 10 ) and Thienemann ( 29 , 
30 ). The last-named author considers that the larva shows 
affinity with the Orthorhulivs group, which it resembles in most 
respects, differing chieil> in the arrangement of the spines on 
the posterior suckers, and in having only a single hair on each 
dorsal tubercle of the pie anal segment, this last feature dis- 
tinguishing it from most other Chironomid larva*. The pupa 
also is not unlike that of Orthodwlius. It should be noted that 
the larva described by Ooetghebuer (10) as that of C. marinus 
does not belong to this genus : it may perhaps be that of Camplo- 
cladi its thalassophil a*. 

The Hies are remarkable for the great disparity of the sexes, 
the male having small but well -developed wings with a fairly 
normal venation, whereas the female lacks both wings and 
halteres. The male genitalia are also enormously enlarged. The 
female ha* short but normal legs. In both sexes each tibia has 
a single small bare spur ; the fourth tarsal segment is not cordi- 
form, nor is the fifth lohed at the tip ; the claws are normal and 
the empodium is quite large; the front tarsi are short. The 
antennas (11-segmented in the , 7-segmented in the $> ) are 
peculiar in having the third segment elongate and cylindrical, 
and also in being nearly hare. 

Three or four species have been described, all from European 
coasts, but the characters given for separating them are unsatis- 
factory. I am of opinion that C . bicolor KiefF. is identical with 
C . marinm Hal. : the supposed differences seem to be either 
non-existent or to be due to different methods of preservation, 
for Irish specimens I have examined agree in the main with 
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Kieffer's description. This species is known from European 
coasts from France and Ireland to Denmark. The Mediterranean 
forms (C. adriaticm Sehiti. and C. halearicm Bezzi) are also 
probably specifically identical, but appear distinct from C, marinas 
on account of their uniform light colour and small differences in 
the antennae and hind tarsi. 

Thalassomyia Schin. 

This genus was erected by Scliiner in 1856 for a marine species, 
adults of which were found on rocks and seaweed at low water 
near Trieste. Subsequently other species which were found 
breeding in rapid rivers were added to the genus by Tomdsvary 
and Johannsen, Kiefter has rightly considered, however, that 
these river-breeding species are not congeneric with the marine 
T. frauenfeldi, and has referred them to his genus Cardiocladius. 
On the other hand, I have shown in a recent note that Chevrel’s 
Scopelodromus isemerinus is the same insect as Thalassomyia 
frauenfeldi. Judging from the description, this appears to be the 
case also with Scopelodromus canariensis , described by Santos 
Abreu (27) in 1 9 1 8. Up to the present, therefore, only one species 
of this genus is known; it occurs on the coasts of England, 
France, Belgium and Italy, and doubtless other European 
countries, as well as in the Canary Islands, There is also in the 
British Museum a female from Montevideo, Uruguay ( P . de la 
Garde), which appears to belong to T. framnfeldi . If so, this 
species has an extremely wide distribution, and may perhaps have 
been spread by shipping; assuming the larva? and pupa? to be 
capable of maintaining their existence on the submerged part of 
the hull, the entry of the ship into dry dock would no doubt 
provide the necessary stimulus for the emergence of the adults. 
The sexes are similar, the wings being well developed, normal, 
with a venation like Ckironomus. The chief features diagnostic 
of the genus are to be found in the tarsi : the fourth segment is 
short and cordiform ; fifth normal, not trilobed ; empodium large 
and hairy. The legs are long ; femora thickened towards the 
base, especially the front pair ; tibia? with well-developed spurs, 
one on the front legs, two on the posterior pairs. The differences 
from Glunio are very considerable, but it seems probable that the 
genera are related. 

The larvje have been described in some detail by Cbevrel (7), 
but not sufficiently to give any precise data on the relationships 
of the genus ; they appear similar to Orthocladius, and are stated 
to oscur among seaweeds and barnacles. 

Recently a peculiar Ohironomid has been described from the 
Galapagos Is. by 0. W. Johnson (18) as Galapagomyia longipes. 
The description is inadequate and the figure of the wing is 
obviously inaccurate (it show* a quite impossiblf venation), nor 
are the habits noted, but from the data given it appears to me 
highly probable that It will prove to be a Thalassomyia. If so, it 
further extends the known range of the genus to a remarkable 
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extent, and there is little doubt that it will eventually be found 
to be cosmopolitan, like many of the terrestrial and freshwater 
genera of Chironoimdae. 

There is in the British M useum a specimen of an unrecorded 
species of this genus from East Africa. It resembles T.frauen - 
feldi so nearly that a full description is unnecessary; I give only 
the distinguishing points : — 

Tiialassomyia africana, sp. n. — Antenme slightly longer than 
in T. frauenfeldi, the intermediate flagellar segments rather more 
rounded. Male by popygium showing slight differences ; in par- 
ticular the clasper is relatively smaller, its outer surface hardly 
concave, its tip more pointed, and the apical spine, which is 
distinct in T.Jrauev feldi, is here hardly distinguishable from a 
hair. Front tibia longer, being fully one-fourth longer than the 
femur. Costa, reaching well beyond the tip of the radius, but 
thinning out gradually. Media ending distinctly below the tip of 
the wing, so that the distance of its tip From the tip of the radius 
is rather greater than from the upper branch of the cubitus, 
whereas in T . frauen feldi it is much less. Cubital fork rather 
shorter than in T. frauen feldi, its lower branch more strongly 
curved downwards. 

Length of body, about 2 mm. ; wing, 2 mm. 

Tanganyika : Dar-es-Salaam, i taken on or near seashore 
(Dr. It. JR. Scott). Habits not noted. 


Campontia Johnston. 

Described first as a worm, chiefly for the reason that in 1830 
no marine insect larvae were known, Campoutia eraciformis has 
long been recognized as being a Chiionomid larva, though its 
exact identity is still uncertain. Mini], quoted by Theobald ( 28 ), 
first suggested that it might be the same as Thalassomyia frauen - 
feldi , and there is little in Johnston's description and figure to 
disprove this suggestion, although both could apply about equally 
well to an Orthocladim. Johnston’s larvae were found between 
tide-marks among seaweeds in Berwick Bay, North urn berland, a 
locality from which no collections have been made since his time. 
It should be mentioned that Svvainson, quoted by Theobald ( 28 ), 
has evidently confused two or more species, for the figure which 
he gives as representing the Campontia larva obviously refers to 
a Chironomus of the dorsalis group ; it is this figure which lias 
been copied by Johannsen ( 12 ) and discussed by Bezzi ( 4 ), More- 
over, Johnston himself may have had more than one species, for 
he says in his description that “ a few hairs terminate the anal 
segment, although his figure shows only two hail’s, ns in Clunio ; 
the figure, however, is probably inaccurate, the posterior pseudo- 
pods shown being of the Orthocladius and not of the Chmio type. 
In view of the uncertainty the name Campontia cannot very well 
be adopted. 
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Halirytus Eaton and allied forme. 

The genus Halirytus was established by Eaton in 1875 for some 
female specimens obtained between tide-marks in Kerguelen Is.* 
Antarctic Ocean. Neither Eaton’s original diagnosis nor 
Verrairs (31) rather fuller description mentioned the details of 
tarsal and tibial structure, which are to-day regarded as of great 
importance. Fortunately, however, Eaton « specimens are still in 
fair preservation in the British Museum, and from them it can 
be ascertained that the tibia? are devoid of any trace of spurs or 
combs, and the last tarsal segment is trilobed at the tip, the 
median lobe finger-like and projecting over the long hairy 
empodium. A tarsus such as this is extremely unusual in the 
Chironomidae, and is known only in a few other littoral forms. A 
further very peculiar feature which Halirytus shares with the 
littoral species just mentioned is the form of the ovipositor, the 
cerci being rather long and pointed and rather hard, almost like 
those of a Tipulid. In view of the close resemblance in these 
important features, it seems to me that all the forms listed below 
might well be placed in the single genus Halirytus. 

No larvae of this group are certainly known. Deby ( 8 ) does, 
indeed, briefly describe a larva which be attributes without 
question to Psamathiomyia , but, judging from bis statement, this 
larva differs greatly from all known Chironomid larvae and re- 
sembles a Tipulid. Thienemann (29) has therefore suggested, 
apparently with good reason, that Deby had described some quite 
different larva and not that of Psamathiomyia. 

The species of this group at present known are the 
following: — 

Ilalirytm amphibius Eaton.-— Kerguelen I. Wings very much 
reduced in size, without distinct venation (at least in $ ; ^ is 
unknown). Small halteres present. No scales on tibiae, Palpi 
described as 2*segmented. but in a specimen 1 have mounted 
I only detect a minute nipple-like second segment on one palp, not 
on the other ; this specimen also shows a reduction in the antennas, 
which have only 4 segments instead of 5. 

Jacobsiella magellanica (Jacobs), — Straits of Magellan, Wings 
much reduced in both sexes. Halteres stated to be absent, but 
this is possibly an error, and, if so, the species may be the same as 
H. amphibius . Palpi with a single segment. Male deeper# not 
serrate The species was originally described as a Belgica , the 
genus Jacobsiella being erected subsequently by Riibaaamen (26). 

Psamathiomyia pectinata Deby.— 8. France. Wings much 
reduced in both sexes. Short halteres present. Palpi with two 
segments. Tibia? without scales. Male clasper# strongly serrate 
on the outer margin. \The larvae are stated to feed oti Entero- 
morpha . m 

Pamdunio trilobatus Kieff. — California. Wing fully developed, 
with a venation like Chdrommm (in $ ; d is unknown). Femora 
and tibiae with rows of lanceolate scales ; tarsi with fasciculate 
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hairs. Larva stated to occur among r ocks on shore in company 
with Haliotis, but no description has been published. 

Trissoclunio fuscipennis (KiefT.) and T. minor (Kieff.). — Cape 
Town. Differ from Paraclunio (under which name the species 
were at first described) in having no scales on the femora and 
tibiae and no fasciculate hairs on the tarsi. Nothing is known of 
the early stages or habits, except for Peringuey’s remark (quoted 
by Kieffer) that the insects “Hit along the shore on dark nights/' 

Ekktmopteba Kellogg. 

As described by Kellogg (16) this has the fourth tarsal segment 
cylindrical, the fifth simple; empodium long; each tibia with a 
single spur; ovipositor slioit and inconspicuous; wings reduced 
and strap-like in both sexes; palpi long, ft- 4 segmented ; antenna? 
with fi segments in the male, 4 in the female; eyes pubescent. 
The genus therefore appears quite distinct alike from Cltinio , 
Halirytm , and Thalassomyia. The statement that the eyes are 
pubescent suggests that it may perhaps he a Trichocladius m 
which the wings have been reduced and the male antennae have 
approximated in structure to those of the female. The presence 
or absence of the hind tibia! comb is unfortunately not stated. 
The type, E. brand Kell., was found on the rocky coasts of 
California, the adults being in large numbers and skimming 
rapidly over the surface of the water. 

A second species, E. murphyi Shaeffer, has been described from 
South Georgia. This, however, differs from E. brotrni in having 
bare eyes, and it is doubtful if it should be placed in the same 
genus; nor does it appear to he truly a marine form. It is pro- 
bably identical with Belgica antarctica Jacobs, a subapterous form 
described from the same region. According to a note by Racovitza 
in the paper by Itiibijaamen (26), this species breeds in small rock- 
pools, presumably of fresh water, containing moss. Kieffer, in an 
appendix to Thienemann's paper on Swedish Chironoinkhe (30)* 
states that B. antarctica has the typical hind tibia! comb of the 
tribe Ortliocladiariie, and it is probably a degenerate Orthocladias . 

B. Some New Species from Samoa. 

Among the marine organisms collected by P. A. Buxton and 
G. H. E. Hopkins in Samoa were four species of Chironon.idie. 
One of these belongs to the genus Clvnio , and is of interest as 
greatly extending the known range of this genus, which had 
hitherto been found only on European coasts ; two others are 
species of Tanytarms , the first members of this genus to have 
been found breeding in salt water, and the first representatives 
of the tribe Ohironomarim known to breed in the sea ; the third 
exhibits such remarkable modifications of adult structure that a 
new genus has to be created for it. I will first describe the 
four new forms and then proceed to discuss the affinities of the 
mm gen us* 
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Onraio pacificus, sp* n. (Text-fig. 2*) 

This so much resembles the European (7. marinm Hal. that 
it is only necessary to call attention to the differences, which are 
as follows : — Segments 4-10 of the antenme are rather shorter, 
9 and 10 in particular being slightly shorter than broad ; 4-6 
are distinctly pale at the base, especially on the under side, 
instead of all dark as they are in C . marinm ; 11 is more slender, 
being hardly any stouter than the others, and relatively longer, 


Text-figure 2. 



being fully as long as 4-10 together* The abdomen (in spirit 
specimens) appears to have the basal segments greenish, only 
the last few being dark. Clampers slightly different in shape, 
without the recurved tip which is present in <7. marinm and 
C. balmricm. Knees and articulations of the tarsal segments 
more conspicuously dark ; on the front and middle legs the last 
four and on thfe hind legs the seoond and fourth tarsal segments 
almost entirely dark. (In C \ marinm the %t*al articulations 
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are dark on the under side only.) Hind tarsi considerably 
shorter, all the segments relatively broad in proportion to their 
length, the second being as broad as long. Spur of the hind 
tibia rather shorter and conspicuously hooked, that of C . marinus 
being only slightly curved at the tip. Venation : Costa and 
radius shorter, the latter straight. At nearly straight, only very 
slightly curved upwards, so that the distance of its tip from the 
tip of the costa is much greater instead of much less than from 
the tip of Cu 1 . Cubital fork narrow at the base, C a 2 not 
being nearly so strongly recurved as in C. marinas . Length 
of body, about 2 mm. ; wing, about 1*5 mm. 

Apia, Upolu Island, “abundant in air over sea-shore, 8 P.M., 
ll.xii. 1925, Pilot Station” ( P . A. Buxton). Cotypes, 3 <$ 
preserved in spirit. Female and early stages not obtained. 

Tanytarsus haloph il.e, sp. n. (Text-fig. 3, c and g ; text- 
fig. 4, cr, />, d , g , and h; text- fig. 8, e.) 

Male . — Eves bare, reniform, widely separated, the distance 
between them being rather greater tlmn their vertical length. 
Front practically smooth, without papilla?. Antenna? (compare 
text-fig. 3, d , antenna of /\ maritimus) with l-j-13 segments, 
all the flagellar segments except the last are about twice as long 
as broad and hear two long verticils ; last segment only as long as 
the preceding three together, with about throe short hairs at its 
tip. Palpi with four segments, first about as long as broad, 
second and third about three times as long, fourth half as long 
again as the third. 8cutellum with two long bristly hairs placed 
rather close together, as well as some shorter ones. Ilypopygiurn 
(text -fig. 3, g) of the normal structure for the genus; claspers 
not suddenly narrowed at the tip ; side-pieces with three pairs 
of basal appendages, the vential one with a rather slender stem 
and terminal knob covered with a dense brush of simple curved 
hairs. Front tibia without comb or spur. Combs of posterior 
tibia? (text-fig. 3,c) distinctly separate, together occupying hardly 
more than half the circumference of the tibia; one with a long 
spur which i * nearly twice as long as the comb itself, the other 
with a much shorter but distinct spur. First segment of front 
tarsi about 1*7 times as long as the tibia. Em podium and 
pulvilli small, about one-third as long as the claws. Wings 
moderately hairy nil over; anal area fairly well developed; 
venation not ascertainable, but probably normal. 

Female . — Antennae with l-f-4 segments; 2-4 about twice as 
long as broad, very slightly fusiform, without distinct necks, 
and with a median verticil of hairs which are about twice as 
long as the segments ; 5 rather under twice as long as 4, with 
a sub-basal verticil of long hairs and about three short hairs at 
the tip. Cerci pointed and rather long. Other characters of the 
head, thorax, legs, and wings as in the male. 

Pupa. — Differs from the majority of pup© of this genus 
described by Bause in having no trace of a prothoracic horn. 
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(It is just possible that these organs have been broken off the 
two pupso examined.) Thoracic integument apparently quite 
smooth. Dorsal ornamentation of abdomen consists of pairs of 
small round spots on each of segments 2-6 ; these spots are all 
of approximately the same size, and the small spines composing 


Text- figure 




a, 6, d, s,f, details of Tanyiarsus maritimus , sp. n. a. Antenna of $ . b. Wing 
of V* A .Antenna of <?. e. Palpus, f Genitalia of ? * and g % Tany- 
tar»uB halophila, sp. n. o. Tip of hind tibia, showing combs and spurs. 
ff. Hypopygium of <J. 

them are stronger and darker on the anterior portion of each. 
The transverse line of opines on the posterior margin of the 
second segment (text* fig. 8, e) runs straight across almost the 
entire width. The finer abdominal ornament (viable under a 
high power) consists of minute points of chitin -scattered rather 
irregularly over about the posterior half of each segment except 
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the first ; in the male at least these points are not more con- 
spicuous on the terminal segment. The lateral margin of the 
eighth segment bears one fine hair (or two?) near the middle, 
and two more close together near the posterior end ; at the 
posterior lateral corner of this segment is a group of about five 
or six stout thorns, not arranged in a very definite comb. Each 


Text-figure 4. 



Details of larval morphology of T any tarsus halophila, sp. n, ; T. maritimus 
Bp. n. ; and Fontomyia natans , gen. et sp. n. a, mentum ; b, antenna; and 
d t labrum, with its various appendages of T. halophila. c. Mentum of T. 
maritimus. e. Selected spines from posterior pseudopod, and o' lateral hair 
from an abdominal segment of T. maritimus. /'and f. The same structures 
in JP. natans. g and g\ The same in T. halophila. h. T. halophila , whole 
larva, to show general form of body. 

anal paddle has two dorsal hairs and a fringe of about 35 long 
hairs. 

Larva (text-fig. 4, A).— Agrees well in the main with Bause’s 
detailed generic diagnosis, but differs in a number of points 
from ail the species described by him, particularly in the very 
slight development of the antennal base, which is hardly half as 
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long as broad, and the structure of the labium. The antennae 
(text-fig. 4, b) are 5-segmented : first segment nearly four times 
as long as broad and slightly longer than the remaining four 
segments together, the hair placed somewhat beyond the middle; 
second segment with its Lauterborn’s organs rather large and 
sessile (I cannot be certain whether there are two of these or 
only one), apparently no papilla; third segment more slender 
than the second but not much shorter; fourth, again, more 
slender but of the same length as the third ; fifth small and 
conical. Frontal hairs simple, not branched or fringed. The 
five lateral appendages of the iabriun (text-fig. 4, d) somewhat 
spatliulate, their apical margin not fringed. The pre mandibles 
are provided with five teeth, of which the two basal ones are 
small, the next two large, with rounded tips, and the apical one 
large but more slender and pointed. Mandibles with five teeth. 
Mentum (text-fig. 4, a) with a large middle tooth which curries 
a small denticle on each side but is not split or emarginate in 
the middle ; outside this are only four teeth on each side, the 
first very large, almost equalling the median tooth, the others 
much smaller. If 1 have rightly identified the bristles repre- 
senting the larval legs on each thoracic segment, these are only 
two in number, both long. The double-feathered bristles, 
laterally placed at the apex of segments 2-0 of the abdomen, 
which are said by Bause to occur on all Tanytarsns larvfe, are 
present in this species also, but are small and difficult to detect. 
Each of segments 3-7 bears latero-ventrally near the base a 
simple hair (text-fig. 4, g'). The dorsal tubercles on the last 
segment bear, in addition to the bunch of eight long hairs, two 
short ones, one shorter than the other. The hooks in the 
posterior pseudopods have the horseshoe-like arrangement 
described by Thienema.nn and Bause as characteristic of the 
genus ; the individual hooks (text-fig. 4, g) are large and number 
only 16 in each pseudopod, the largest being simple, the others 
being formed of two or three spines united by a common base. 
The anal gills, if present, are very small ; 1 have not been able 
to detect them. 

Length of full-grown larva about 4 mm.; pupa and adult 
barely 2 mm. 

Fagamalo, Savaii Island, xi. 1925 ; numerous larvae, one male 
pupa and one female pupa skaken from Halophila plants (P. A. 
Buxton and G. H. E. Hopkins ). The characters of the adults 
have been described from those contained in the two pupae ; all 
details could be made out except those of colour and venation. 

Tanytaesus mabitimus, sp. n. (Text-fig. 5 ; text-fig. 3, a-f\ 
text-fig. 4, c, e.) K 

MaU (text-fig, 5 ^Uniformly Mile yellowish. Structural 
details of antennae and legs as in T. imlophi . Hypopygium 
also similar, but the ventral basal appendage longer, not clubbed 
at the tip, and covered with much longer hairs, which, though 
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denser towards tlie tip, occur on nearly the whole Appendage, 
except at the base. The other basal appendages also rather 
differently shaped. Wings very scantily haired ; apart from 
those on the veins, the only macrotrichia are a few round the tip 
and a row in cell R 5. Venation normal; R 4 -f 5 somewhat 
curved and running close to the costa ; r-m nearly horizontal ; 
fCtt well beyond r-m. 

Female . — Colour as in the male. Antennae (text-fig. 3, a) 

* much as in T. kalopkil ce, but segments 3 and 4 rather more 

* slender at each end. Macrotrichia of wings (text-fig. 3, b) much 
more numerous than in the male, being scattered fairly densely 

Text-figure 5. 



Tanytarsm maritimus, sp. u. . (The hairs, except those at the*tip 
of the wing, are omitted.) 


over most of the wing (as in both sexes of 7 r . kalophilce ). Cerci 
(text-fig. 3, f) still longer and more pointed than those of 
T. haloph iltt\ 

Male papa , — Resembles that of T, kalophilce so closely that no 
differences could be discovered. 

Larva . — Very closely resembles that of T, kalophilce , but the 
lateral denticles of the middle tooth of the labium are much 
more distinctly separated ofF from the main portion ; the anterior 
pseudopods have a ring of fine but longish teeth at the base, 
while in T, kalophilce they decrease regularly in size towards 
the base of the pseudopod ; the latero-ventral abdominal hairs 
Paocu Zoop. Soc,— 1926, No. LIL 52 
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(text-fig. 4, e) lack the basal papilla; and there is a slight 
difference in the shape of the teeth in the posterior pseudopod 
(text-fig. 4,/). 

Apia, Upolu Island ; adults of both sexes very numerous in 
company with Climio pacificm , 8 f.m., 11. xii. 1925 ( P . A. Buxton), 
Besides those taken on the wing, a number of females and one 
or two males were found in the tow-net. Ootypes, 2 5 $ 

in alcohol. Empty male pupal skins and a few larvae taken at 
the same place among Halophila plants, 22. ii. 1925, are presumed 
to belong to this species. 

These two species of Tanytavms do not fit precisely into any of 
the divisions which have been proposed recently by Eieffer as 
genera, but they appear to come nearest to his Tanytarme in the 
restricted sense. Their most striking peculiarity is the very short 
terminal segment of the male antenna*, most if not all the other 
species having this segment as long as or longer than the preceding 
12 together. The larvae fall, according to Pause's arrangement, 
near the lautcrborni group, although the pupae show points of 
affinity with the virens group. In no stage are there any 
characters which would warrant the separation of these species 
from the genus Tanytarsus. 

Pontomyia, gen. n. 

Male . — Antennao 15-segmented, long, slender, and bare. Palpi 
large, 2-segmented. Labium atrophied. Tip of abdomen per- 
manently rotated through 180°. Front legs Jong; first tarsal 
segment longer than the tibia; no claws. Mid legs remarkably 
short and lather stout ; claws of peculiar structure. Hind legs 
long ; claws rudimentary : no tihial comb or spurs ; no empodium. 
Wings reduced in size and of peculiar form, the basal part puffed 
out, the tip flattened and jointed ; venation not clearly distin- 
guishable. 

Female, — Vermiform, without appendages except for the rudi- 
mentary posterior legs. 

Larva and Pupa resembling those of Tomytarms, 

Pontomyia natans, «p. n. (Text-figs. 6 & 7 ; text-fig. 8, a-d ; 
text-fig. 4,/.) 

Male (text-fig. 6 ). — Mead broad, closely applied to the thorax, 
quite smooth and bare. Eyes widely separated above, bare ; seen 
in side view they are somewhat dumb- bell-shaped, the lower 
swollen portion being somewhat larger than the upper; in all 
there are only about 20-25 facets. Antenna? 15-segmented, the 
first three segments subequal in size and hardly longer than 
broad; remaining segments slender and cylindrical, devoid of 
bristles, and clothed only with fine short uniform pubescence, 
each at least 3*5 times as long as broad, the las^pfew rather more 
slender and proportionately longer ; segments 5-10 are somewhat 
darkened, the rest practically colourless. Palpi (text-fig. 7,/) 
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large, rigid, bristly, projecting forwards and more or less diver- 
gent, composed of only two distinct segments, the first about twice 
as long as broad, the second over three times as long as the first, 
suddenly narrowed and constricted a little before the tip. Labium 
very much reduced, hardly distinguishable. Thorax of the usual 


Text- figure 6. 



Ohironomid form, but quite bare except for some short pubescence 
on the scutellum ; the usual three mesonotal stripes brownish, 
the ground-colour pale. Prothorax much reduced, completely 
•divided dorsally. Spiracles present and also tracheae ; but whether 

52 * 
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the spiracles were actually open could not he definitely ascer- 
tained. Abdomen somewhat tapering towards the tip; nearly 
bare, only one pair of fine bristles being present on each segment 
except the last, which has a vow of them. The seventh segment 
in all the specimens has a somewhat asymmetrical form, owing to 
the permanent inversion (probably after emergence from the pupa) 
of the eighth and ninth segments. Spiracles apparently rudimen- 
tary and closed. Hypopygium (text-fig. 7, e) of rather simple 


Text-figure 7, 



Morphological details of Pontomyia natant, gen. et sp* n. <?* a. Tip of front 
tarsus, showing absence of claws. 5. Tip of hind tarsus, c. Tip of middle 
tarsus, d. Middle claw*, further enlarged, t. Hypopygium. f. ^Palp. 
g. Wing. 

structure ; the claspers rigid, extended straight backwards in a 
line with the side-pieces; only one pair of basal appendages, 
which are large and provided with numerous recurved bristles. 
Front legs : Oox® large, very broad in proportion to their length, 
together with the trochanters forming a sort of cone. Femora 
rather short, simple at the tip. Tibi® a little longer and more 
slender than the remora, without spur or scale. First tarsal seg- 
ment very slightly longer than the tibia, second and following 
segments shorter j last segments (text-fig. 7, a) devoid of any 
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trace of claws, empodium, or pal villi. The femur, tibia, and first 
two tarsal segments are slightly fringed on the inner side with 
bristly hair. Middle legs ; Coxae small. Femora short and notice- 
ably thicker than the front pair ; tibia also rather short and stout, 
the tip produced on the under side and blackened, but no true 
spurs present. Tarsus (text-fig, 7, c) remarkably short, all the 
segments together only about two-thirds as long as the tibia; 
first segment about three times as long as broad, the others rather 
broader than long. Claws (text-fig. 7, d) large, of peculiar form, 
with large basal prominence; below the claws is a membranous 
structure divided into seven lobes as shown in the figure, pre- 
sumably representing the empodium and pulvilli; it is extremely 
difficult to see o\\ ing to its thinness and transparency. Hind legs : 
Coxae small. Femora and tibia' rather short and stout ; the femora, 
however, not so distinctly thickened as those of the middle legs. 
Tibiae rather bristly on the outer side, without any trace of apical 
spurs or combs. Tarsi very long and bristly, the first segment 
fully half as long agaiu as the tibia; fourth segment cylindrical, 
but much shorter than the fifth, which is of peculiar shape (text- 
fig. 7, b), concave above and convex below. Claws rather small ; 
no empodium or pulvilli, but a small ventral tubercle is present 
below and before the claws. Wings (text-fig. 7, g) of remarkable 
shape, the basal two-thirds in nearly all the specimens being 
approximately cylindrical through the puffing-o\it of the internal 
space, while the tip is flattened and more strongly chitinized. 
Moreover, the whole wing is twisted close to the base, so that 
when it is fully extended the costal margin occupies a dorsal 
instead of an anterior position as in the normal insect wing. 
Again, the puffed-out portion is practically bare, while the 
flattened tip is finely fringed all round ; the hairs in this fringe 
are mostly inserted well inside the margin instead of round the 
edge as usual. Between the swollen and the flattened portions 
of the wing there is a false joint, extending obliquely across the 
wing ; by manipulating the extended wing with needles it is easy 
to ascertain that slight pressure from the front will fold back the 
flattened tip, while similar pressure from behind will not bend it 
forwards. Inside the flattened tip is a crescent- shaped thickened 
patch, while at the joint are two or three thickened areas ; these 
thickenings do not appear to have any clear connection with 
venation. Of the true veins, only the costa can be made out 
clearly, and that only on the swollen portion ; the cubitus also 
seems to be indicated as a simple vein. Iialteres normal. 

Female* (text-fig. 8, a ). — Head small, closely applied to the 
thorax. Eyes small and oval, with only about. 8-10 facets. No 
trace whatever either of mouth-parts or antennae. Thorax with- 
out any sign of segmentation. No trace whatever of wings, 
halteres, or front legs; the four posterior legs (text-fig. 8, b , II, 
and III.) being represented by tiny rudiments, with two short 
basal segments presumably representing the coxa and trochanter, 
a longer one with two apical vential hairs which may be taken as 
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the femur, and a small terminal one. Protlioracic spiracle present, 
but apparently overgrown by skin ; metathoracic spiracle not 
detected. The thoracic integument is bare and very feebly 
chitinized. Abdomen cylindrical, feebly chitinized except for the 
terminal segment, which is much stronger, so that in stained 
specimens it appears to the naked eye as the head. Six pairs of 
small non-functional spiracles. Tergites 1 and 2 each with three 
lateral hairs, tergite 3 with two, and tergites 4-7 each with one ; 


Text-figure 8. 



a. Pontomyia naians, gen. et sp. n. ? adult. b, The same, Icgwrudiments 

(II. a«<l 111.) further enlarged, c. P. natans, $ pupa, ventral view. 
<?'. Segments 2-6 of pupal abdomen, dorsal view showing ornamentation 
of the Tatty tarsus type, d, P. natans, second abdominal segment of $ 
pupa. d 1 . Anterior spot further enlarged to show constituent spinules. 
s and s'. The same in & pupa of Tatty tarsus halophila, sp. n. 


stemites 2-6 each with a transverse row, Oerci rounded and 
downwardly projecting. 

Female pupa (text-fig. 8, c). — The appendages of the head and 
thorax are no better developed than those of the adult,- there being 
no trace of the antennee, mouth-parts, or front legs. In the 
specifically pupal characters there is a great resemblance to 
Templar eus halophilas. The prothor&cic horn (respiratory trumpet) 
is absent, its place being occupied by a hair. The paired spots of 
spinules on abdominal segments 2-fi (text-fig. 8, o) and the row 
of microscopic teeth across segment 2 {text-fig. 8, d) are almost 
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exactly the same as in T. halophike , but the row of spiral les is 
shorter, and there is a difference in the minor ornament of the 
abdomen, which here consists of numerous microscopic points of 
chitin arranged in lines which form an irregular network on the 
anterior part of each segment except the first; they are more 
strongly marked on the last segment. There are no lateral hairs 
on any of the abdominal segments and no spines at the apical 
corners of the penultimate segment; the paddle-fringe includes 
about 25 instead of about 35 hairs, but has two dorsal hairs as in. 
T. kalopliih c. 

Male pupa. — Not obtained, unless the skins referred to under 
T. maritimus really belong to P. naians ; if so they differ from 
the female in possessing the usual spines on the penultimate seg- 
ment. Such a form of sexual dimorphism in the pupa) would be 
very unusual but not impossible. 

Larva — If correctly associated with the adults, shows the 
following characters: — Generally extremely similar to that of 
T. halophilce , the structure of the head (antennae, labrum, men- 
tum etc.) being practically identical ; abdominal structures also 
very similar. The only striking difference is in the hooks on the 
posterior pseudopods (text-iig. 4 ,/), which are much smaller, 
rather differently shaped, and much more numerous (60-65 in 
number instead of only 16). In addition, the latero-hnsal hair on 
each of abdominal segments 3-7 instead of being simple has a 
peculiar swollen base (text-fig. 4 ,/')■ The minute spines on the 
anterior pseudopods are rather differently shaped, but. there is no 
basal ring of slightly longer ones such as occurs in r J\ maritimus . 

Length of male body, 2 mm. (excluding antenna;) ; antennae, 
1*0 mm.; wing, 0*8 mm.; female about 2*5-3 mm. ; full-grown 
larva about 5 mm. 

Apia, Upolu Island. Large n uni hers of males and a few females 
obtained under circumstances described by P. A. Buxton in the 
paper following this, among Ifalophila plants. 

Discussion. 

The material at first sent home by Dr. Buxton comprised a 
large number of males, four or five females, and a single cast 
pupal skin of a female of Pontomyia naians . The pupal skin was 
obviously one from which a vermiform female had hatched ; and 
since all were taken together, the assumption appeared justified 
that males and females belonged to one species. Owing to the 
extreme reduction of the female and the extreme specialization of 
the male, an attempt to ascertain the probable affinities of the 
species whs rendered very difficult. Certain indications, however, 
appeared to point to some connection, apparently rather remote, 
with Chironomm or Tanytarsm : these were the rather long first 
segment of the front tarsi and the rigid, backward ly-extended 
clampers of the male; also the abdominal ornamentation and the 
fringed paddles of the pupa. The pupal features appeared to be 
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decisive, since the resemblance to some European species of 
Tanytaraus described by Bau.se whs most striking, and this type 
of ornamentation is quite unknown in any other genus of the 
family. 

This conclusion as to the origin of Pontomyia was confirmed 
in a remarkable way when additional larval and pupal material 
brought home by Dr. Buxton in January 1926 was examined. 
This material was obtained off Savaii Island under conditions 
almost identical with those under which Pontomyia 7iatan$ was 
found at Apia ; it included two mature papa* which on dissec- 
tion were found to contain a male and female of a quite normal 
Tanytarsus, T. halopkilce. As described above, the pupa*, and 
probably also the larva*, of P. natane and T, halopkilce are 
extremely similar. Now we know from the researches of 
Thienemann and others that the genera and often the species 
of Ohironomidffi show very well-marked distinctions in larv® 
and pupae, these being often more marked than the differences 
in the adults. We seem to be justified, therefore, in concluding 
that we have in T . halophihe a representative of the stock which 
has produced P. natuns. 

Another representative of this same stock is seen in T. mari- 
timusy the existence of which was not suspected until after the 
discovery of T. halopkilce, when it was found that two species 
were represented among the larva* collected with P. natans in 
Upolu, and that I'anytarsus adults had been collected on the 
wing in the same locality ; it seems only reasonable to assume 
that the larva which more nearly resembles that of T. halopkilce 
is the larva of the second Tany tarsus y and that the other larva is 
that of P . yiatans . 

As all these larvre live under identical conditions and belong 
to the same stock, it is natural that they should resemble one 
another closely. What is very surprising is that the adults of 
one of the three species should have become modified in such 
an extraordinary manner. It would seem at first sight that the 
changes have been sudden and complete, as it is difficult to 
imagine intermediate stages between inidges that mate and 
oviposit in the air in the normal way (Tanytarsue) and one 
that remains throughout life under water (Pontomyia), That 
such intermediate stages must have existed is almost certain, 
and it is hoped that some of them may yet be found in some 
part of the Pacific. A possible explanation of the reason for 
this remarkable departure is that in Tanytwrsm (at least in that 
section of the genus to which T. maritimus and 2\ halopkilce 
belong) the empodiuxn and pulvilli are rudimentary# Without 
these organs an insect which took to mating on the ground 
instead of in the air alight find it difficult or impossible to move 
freely over wet rocks or the surface film of rock-pools, and might 
therefore be compelled to enter the water* 

Host if not all the peculiarities of the male Pimtpmyia mtarn 
may be explained as consequences of or adaptations to a life 
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under water. The ordinary plumose and almost rigid antenna? 
of a male midge would obviously be a serious inconvenience to a 
swimming organism, but with the Joss of the plumes and the 
lengthening of the segments the resulting whiplash-like appendage 
could easily he trailed behind during progression through the 
water. The outward curvature of the an ten me (see text-fig. 6) 
which is shown in mo^t of the preserved specimens is very unusual 
in the Neinatocera, and suggests that they may he folded hack 
along each side of the body. The loss of the antennal plumes 
is not unnaturally accompanied by a reduction in size of the 
second segment of the scape, which in the dancing midges is 
enlarged to contain the “chordotonal organ.*' Probably the 
enlarged bristly palpi are to he regarded as a compensatory 
development for the loss of sensory function in the antenna?. 

The rather unusual form of the front coxa? and trochanters 
would doubtless allow the whole front leg from the base of the 
femur to be turned backwards. The entire loss of claws on the 
front legs clearly allows that these are not used for walking, and 
the same is almost certainly true of the hind legs, for, owing to 
the reduction of the claws and the shape of the last tarsal 
segment, it is difficult to see Jiow the insect could obtain a foothold. 
It is not surprising, therefore, to learn from Dr. Buxton's 
account that the long front and hind legs are used in swimming, 
although they do not appear to be specially adapted to this 
purpose. The slight fringe on the front legs may possibly be 
of some assistance, but it is not in any wav comparable to the 
strong fringe which is developed on the legs of many aquatic 
beetles and Hemiptera. On the other hand, the wings are so 
remarkably modified that it is difficult to resist the conclusion 
that they are the main swimming organs, in spite of Dr. Buxton’s 
statement (see the following paper) that lie never saw them in 
use as such. The twisting of the wing to occupy a vertical 
instead of a horizontal position ; the puffing-out of the basal 
part, thereby reducing its surface*; the hardening of the flattened 
tip and the form of its fringe; and. finally, the flexibility of this 
tip in a backward direction only can hardly be explained except 
by supposing that the wings ore used as paddles. In many of 
the marine Chironomids discussed in the first part of this paper 
the wings are reduced, but no such modifications are found. 

The short thick middle legs are apparently suited for grasping, 
ami may either he used for maintaining a hold on the food-plant 
while the current is strong, or for holding the female during 
pairing. 1 am unable to suggest the use or reason of the? 

E eculiarly "formed claws of the middle tarsi. The twisting of the 
ypopygium is almost unique in the family Cbironomidse, though 
universal in the Culicida? and Peyehodida?, and occurring sporadi- 
cally in a few genera of the Tipulidse, The significance of this 

• In a few specimens the wing is not thus puffed out, the basal pmt being apparently 
foiled up instead, so that the pnddle-like appearance of the whole wing is even more 
pronounced. It is possible that this is the normal couditiou af the wing in life. 
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structure has been discussed recently in a paper by Dr. C. G. Lamb. 
It is connected with the attitude or pose adopted preliminary to 
pairing, and implies a method different from that used by other 
members of the family. That such should be the case is not 
surprising in view of the worm-like character of the female, 
who could be capable at most of a feeble wriggling motion. 
The fact that the terminal segment of the abdomen is the only 
part of the female’s body which is distinctly chitinized suggests 
that she remains in the pupal mud- tube with only her tail 
extended. Probably the male grasps this tube, and assuming 
that the female faces away from the male; the torsion of t»he 
hypopygium would, as explained by Lamb, be necessary for the 
“ direct correlation” of the dorsal and ventral aspects of the 
genital tubes of the two sexes. It appeares significant that this 
permanent torsion also occurs in Clunio , another genus with a 
wingless female. 

Another peculiarity of the male is the absence of the tibial 
spurs and combs. What the reason for this may he is not easy 
to see, but it is noteworthy that all other marine genera of 
Chironomidae have also lost the hind tibial comb. A further sign 
of degeneration is to be seen in the simplification of the hypopy- 
giuni, which, instead of the three pairs of basal appendages 
characteristic of T any tarsus and well shown in T. maritimus , has 
retained only one. 

The female has carried reduction to a greater extreme than 
almost any other Dipteron, the one fly which has gone even 
further being Ascodipteron , which is parasitic in the skin of bats. 
Parasitism is indeed frequently associated with degeneration, as 
for instance in Sty lops and other insects of various orders ; but it 
cannot have any tiling to do with the present instance, which is 
more comparable to that of the case-bearing Psychid moths, the 
females of some of which have lost all trace of all their appen- 
dages. It is probable that, with the conditions under which 
Pontomyia lives, a gravid female who attempted active locomotion 
would be unable to maintain her position and would be washed 
away by the current; she must therefore remain stationary and 
wait for the male to find her. 

In common with other sea-breeding Chironomidse, all these 
Samoan species have lost the larval anal blood-gills and the pupal 
prothoracic respiratory horns. Why salt water should have this 
effect is unknown ; the blood-gills are always well developed in 
freshwater larva? of this family. A reduction in the size of the 
gills has been noticed by Lenz (23) in species of Chironomm 
breeding in salt or brackish water, and a similar reduction occurs 
in the larvae of the salt marsh mosquitoes. 

Finally, it may be remarked that this genus appears to provide 
one more convincing prdof of the great importance for taxonomic 
purposes of larval and pupal characters, the use of which in 
classification is so much decried by some systematkte. From 
consideration of the adults only of Pont&myia, one could only 
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hazard an uncertain guess as to their affinities, whereas a study 
of the early stages appears to place the matter bey on <1 any doubt. 
It is clear that a fundamental change in the* habits of the adults 
has been accompanied by equally fundamental changes in stiuc- 
ture, so as to leave little trace of their origin, and that the larvae 
and pupae in retaining their ancestral habits have also retained 
the ancestral morphology. 


Summary. 

A general review is given of our present knowledge concerning 
marine midges in various parts of the world. These belong to 
several genera, and appear to have been derived from different 
branches of one bribe ( Orth ocladiaria?) of the family Chironomida?. 
Some of the flies remain unmodified and may he found flying over 
rocks and seaweed; others have vestigial wings in one or both 
sexes, and these are found only at extreme low tides running on 
exposed rocks or over the surface of pools ; none aie truly sub- 
marine. The larva* of these various species occur in ail tidal 
zones, sometimes even those below the limit of exposure by the 
lowest tides. Among these species two new ones are described 
from British coasts and one from East Africa. 

Four new marine species are described from Samoa. One of 
these is known only from adult males captured on the wing, and 
belongs to the genus Clvnio , hitherto believed to he solely Euro- 
pean. The other three, of which both larva* and adults were 
obtained, belong to a different tribe (Ohironomarire), and were 
taken among llalophila , a higher plant which grows in sea water 
on the reef. Two of these are normal air-living flies, and are 
referred to the genus Tanytarsus. The third is submarine in all 
stages, and shows remarkable structural adaptations to this life. 
The male ha.s greatly reduced wings and bare antenna*; it swims 
actively with its long legs. The female is without antenna?, 
mouth- parts, wings, halteres. or functional legs, the front legs not 
even existing as vestiges. This submarine insect is described as 
a new genus ami species, Pontomyia natans, and reasons are given 
for believing that it has been derived directly from one of the 
species of Tanytarsus with which it is associated. 
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39. The Colonization of the Sea hy Insects : with an Account 
of the Habits of Pontomyia , the only known Submarine 
Insect. By P. A. Buxton, F.Z.S., London School 
of Hygiene and Tropical Medicine. 

April 27, 1920 : Itaid June 15, 192(5.] 

The following observations wore made in Samoa, most of them 
in the neighbourhood of Apia, island of Upolu. In that part 
of Samoa the shore is protected by a fringing coral-reef which 
lies about half a mile from the land : between it and the shore 
is the lagoon, in most parts only a few feet deep at low tide. 
The floor of the lagoon consists in some places of growing coral, 
in others of fragments of corals and other organisms, pounded 
up to a fine white sand. In certain places a proportion of fine 
mud is mixed with the sand, and where this is so one finds the 
plant ITalophila oralis J. 1). Hooker. Prof. W. A. Setohell, of 
the University of California, tells me that the name ovalia is to 
be taken to indicate a group of short-leaved forms tlie inter- 
relationships of which are at present not well understood. The 
plant, which is a member of the Order Hydrocharitaceae, resembles 
the familiar oar-leaved Potamoyeton of Europe in its general 
appearance, it is in no sense an estuarine plant, but lives in 
pure saltwater, frequently miles from the mouth of a stream: 
in the places in which it grows it is not exposed to the air except 
at dead low water. Members of this group of the genus ITalophila 
have a wide distribution in coral-reef lagoons in the Pacific and 
Indian Oceans, including those of isolated oceanic islands: it is 
believed that, they spread by means of floating fragments. Other 
members of the genus are found in all tropical seas, and some 
of the other species are estuarine. 

If one draws a fine tow-net through the lagoon at night, in 
places where the ITalophila grows, one sometimes catches large 
numbers of the small Chironomid midge, described above (p. 79(5) 
by Edwards as Pontomyia natans . I have frequently used the 
tow-net by day in places in which this insect was known to he 
occasionally common, and have never obtained a single specimen. 
I presume that they hide by day in the patches of ITalophila , 
but I have never been able to find them, though J ’have frequently 
searched handfuls of the weed. It is an interesting fact that 
the ordinary marine plankton, consisting of Cope pods, Chfeto- 
gnaths, small Poly duets, and thelarvre of fish, Crustacea, “worms,” 
and many other organisms, can be obtained only at night. But 
even at night one cannot be certain of finding adult Pontomyia 
natans in spots near Apia in which they are sometimes abundant. 
I have records of tow- netting on six occasions* at or about the 
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time of high tide, between 8 p.m. and 10 p.m.: on five of these 
occasion# 1 caught no midges at all ; on the sixth I obtained one 
dead specimen. On the other hand I have used the tow-net 
after sunset, at half tide or low tide on five occasions, and caught 
P. natans each time. Once I caught several hundred males and 
a number of females in ten minutes in a ten-inch net. 

At first it appeared that the absence of these midges from the 
tow-net at high tide could bn explained in a simple mechanical 
manner. It might be supposed that the midges cling to the 
Ilalophila plant, and never willingly leave it, but that when 
the tide is rising or falling the current along the shore is strong 
enough to wash them away. This explanation is untenable; 
the male Pontomyia natans is not sedentary, but is an active 
swimmer; also I have twice failed to catch specimens when the 
tide was nearly high, and the current along the shore was so 
strong that 1 could hardly stand in three feet of water. 

It is quite possible that, the periodicity of the insect depends 
upon the .lunar cycle, but I have not enough observations to 
prove that this is so : I was never able to obtain specimens when 
the moon was full or nearly full, even when the state of the 
tide appeared suitable. In some way at present not understood, 
the lunar cycle determines the life-histoiy of certain marine 
animals (Fox). 

Of the habits of the adult Pontomyia natans we know' little. 
I have only once caught males and females in numbers, and that 
was on the occasion of the insect’s original discovery, and the 
whole catch w'as killed before I examined it. But 1 have l>een 
able to observe a few live males on several occasions, by turning 
the contents of the net into a beaker and examining thorn with 
a lamp. The male swims actively through the water, using its 
long first and third legs (see text-figure 6 Edwards, supra). 
It is interesting and remarkable that it is able to continue to 
live and swim about in the strong tidal currents which scour the 
floor of the lagoon. I think that swdmming is the normal mode 
of progression, but I have also seen males supported on the 
surface of the water, with head, body, and wings in the air, and 
legs beneath the surface, paddling through the water. I am 
not convinced that this is a normal activity. It may be that 
when the contents of the tow-net are emptied into the beaker, 
some of the insects become caught on the surface and are unable 
to submerge. I have never seen the wings used in locomotion, 
either on or beneath the surface, and I have never seen the 
insect skate on the surface with its legs. 

Yery early in the investigation I assumed that Halophila was 
probably the food and shelter plant of Pontomyia natans: my 
reasons were that I never caught the midges except in places in 
which the plant was Abundant, apd that as both plant and 
insect must, at some time in the past, have entered the sea from 
fresh water, it seemed reasonable to associate them with one 
another. I was also able to find Chironomid popes among the 
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leaves of Halophila , and 1 once caught a pupa in the tow-net, 
but 1 think that it iiad probably been dislodged from the plants 
over which 1 was wading at the time. I have also taken adult 
midges and empty pupa-skins in the net at the same time after 
dark. The female pupa; found on the Halophila and the empty 
skins are identical, and they show the same extreme reduction 
in the appendages as the adult insect^ (text-fig. 8, Edwards); 
this proves them the pupae of Pontomyia nalans. 

Numbers of Chironomid larva; can be found among the 
Halophila plants, by shaking a handful of leaves and stems in 
a basin. The larva; are dark brown when mature, and to the 
naked eye they do not appear to contain haemoglobin. They 
swim actively with a wriggling motion when they are disturbed 
from the plant. 1 have taken them in the tow-net, so 1 suppose 
that occasionally they leave the plant or are washed out of it by 
currents. The larva* live in a very fragile tube of mud, which 
they construct between two leaves of Halophila . The leaves 
which they choose are generally old, and are covered with a 
growth of seientavv diatoms, minute Hydrozna, Polvzoa, etc. 
1 have dissected larva* of Tany tar sits or Pontomyia from Upolu 
and Savaii, and found in the gut much mineral debris, and a 
small number of diatoms, on which 1 conclude that they feed : 
l have not been able to find any fragments which J could 
attribute to the Halophila , but all the gut-contents are so finely 
divided that 1 am not able to state that the larva never eats 
that plant. One frequently finds plants of Halophila of which 
the leaves have been gnawed, and this may well be the work of 
one or other of these Chironomid larva*. If the food of these 
larva* is diatoms it helps to account for the enormous geographical 
range of these marine Chironomid genera; had the food been 
the tropical Halophila it would have been more difficult to 
explain this distribution. Edwards (p. 802) finds difficulty in 
distinguishing the larva* that belong to the three different 
Ohironomida; which I collected. In nature I did not notice any 
differences in habit between the larva*, and did not appreciate 
that I had to deal with seveial different organisms. 

These Chironomid larva; are living associated with a purely 
marine fauna, among the Halophila leaves or in the muddy sand 
in which the plant grows. With them one finds many species 
of Polychaets, Gephyrea, Turhellaria, Actinians, small Bydrozoa, 
Gastropod and other Molluscs,, many Crustacea (Ampliipods, 
Tanaids, Crabs, etc.), and other forms of marine b'fe. 

The eggs of these insects remain unknown ; one is inclined to 
assume that the vermiform female Pontomyia natans never 
leaves the mud tube in which the pupa is found, but this 
assumption is hardly justifiable, because the wingless female of 
Chmio marinns is carried about, paired to the male (Carpenter) : 
the fact that females of Pontomyia have been taken in the tow- 
net, may be explained as a result of disturbance caused by the 
net* 
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Of the life-bistory of the species described above by Edwards 
as Tauytarsus mavitimus very little is known. 1 took adults at 
Apia, Upolu Island, at 8 i\m., on 11 Dec. 1925, together with 
males of Clunio pacijicus Edwards, and a few specimens of a 
species of Culicoides at present undescribed. The r l\ mavitimus 
were very numerous and troublesome, crawling all over my 
defenceless face as I waded about the lagoon with a tow-net in 
one hand and a lamp in the other. The pupie of the second 
species of Tany tarsus ( T. halophilce ) were obtained at Fa ga mala, 
Savaii Island, by shaking plants of Halophila in a basin ; at the 
time I did not realize that they were not pupfe of Pontomyia 
natans . The Halophila at this place in Savaii, grows under 
conditions similar to those which I have described from Upolu. 

I believe that Pontomyia natans is the only known insect 
which is submarine in all stages, and this raises a very interesting 
question. Nearly half a million species of insects have already 
been described, and they show extraordinary powers of existing 
in the most varied environments. I am not thinking now of 
their ability to inhabit the air and the soil, and to devour almost 
all parts of ail plants, and almost all kinds of decaying matter, 
but I am thinking especially of those insects which live in water. 
These show a remarkable diversity of habits. Borne are sedentary 
and tubicolous; others crawl on the bottom, swim actively in 
mid- water or skim the surface; some live in still water, otheis 
in rivers, rapids, and waterfalls. The great majority live in 
fresh water, but some forms have descended the rivers, and are 
established in estuaries, of which the saline content is variable. 
Some eat diatoms and unicellular algae, others extmcfc nourish- 
ment from mud, many are predatory, others again eat various 
forms of decaying matter. Many ipsects live in fresh water in 
their early stages and in the air when they are adult. Some of 
the early stages require atmospheric oxygen from time to time,, 
others respire through the cuticle, or specialized parts of the 
cuticle. 

With all the varied wealth of insect life on land and in fresh 
water, it is surely remarkable that ]»o very few insects have 
become adapted to a marine existence, even for a part of their 
existence. An insect passing from, fresh water into the sea. 
would meet obstacles differing from those which would confront 
one passing from the land to the sap : but in general terms one 
may say that there would he many obstacles, some physical, others 
chemical, others biological, and that ’the insect would require to 
surmount a combination of banders if it passed from a lacustrine 
to a marine existence. 

The most obvious physical barriers are the currents, the tides, 
and the waves. No ontiof these, alone, is insurmountable. 

In the sea itself a large number of Oollembols, Coleoptera, and 
Diptera (Miall, chap, xii., Wesenberg-Lund,pp, 460-462, Flattely 
and Walton, pp, 308-311), and Arachnids of six different families 
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(Abraham) live in the zone between high and low tide-mark. 
Here they encounter more powerful waves and currents than 
they would if they had been able to live below the level of low 
tide. Most of them escape from these adverse conditions by 
burrowing into the sand or mud, or hiding under seaweed, for 
the short period of their immersion. It seems that the 
Arthropods of this zone are really terrestrial forms ; they are 
strictly limited by an inability to exist permanently under 
water; they respire atmospheric air, and they carry a supply of 
it which is sufficient for a limited period, but they are not truly 
aquatic, in that they do not respire through the cuticle. For 
this reasob they have been unable to penetrate further into 
the sea. 

Among the insects which live, at least in their early stages,- 
in fresh water, there are many forms which are able to maintain 
their positions in rivers and even in mountain torrents, where 
they meet currents more violent than they would ever encounter 
in the sen. And there are other forms which live in the shallow 
margins of large lakes, where they must meet waves at least as 
great as those which they would meet in a sheltered inland sea. 
We think, therefore, that it is not the physical barriers alone 
which have prevented the insects from permanently colonizing 
the sea. 

But there exists also a group of chemical barriers, for instance 
the salinity, and the presence in sea water of a variety of 
inorganic salts ; it may be that magnesium salts, or sulphates 
or other substances, are incompatible with the life of certain 
types of aquatic insects. It appears that these obstacles 
are probably more important than any others. For instance, 
Thienemann and Schmidt, quoted by Wesenberg-Lund, have 
shown that in salt lakes in Westphalia a large and varied insect 
fauna can be found provided the salinity does not exceed 2*5 per 
cent. ; in lakes of this class they found many species known also 
from fresh water, and they found representatives of Diptera, 
Rhynchota, Odonata, Trichoptera and Neuroptera: but if the 
salinity exceeded 2*5 per cent, they found but a few forms, all 
of which were Diptera. This is true in other parts of the world 
also. 

The only insects which can live in water containing 3 per 
cent, or 'more of salts (t. e . water at least as salt as the sea) are 
Diptera : (to this there is only one exception, the Trichopteron, 
Philaniscus plebejus Walker, the habits of which are described 
by Hudson : it is found in both islands of New Zealand, the 
larva living in rock-pools near low water mark). It is perhaps 
remarkable that this power should be possessed by a highly 
specialised Order, and not by any of the more simple Orders 
of insects ; the explanation is, perhaps, that the larvae of the 
Diptera are more specialized for life under fresh water than 
those of other insects. Among the Diptera it is only members, 
of the families Gulicidie, Ephydridse, and Chironomidie which can 
Paoc. Zqol. Soo, — 1926, No. LIIL 53 
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inhabit salt waters. Larvae of certain Culicid© (Balfour) and 
many Ephydridse can inhabit extremely salt inland waters, even 
those from which some of the saline constituents are actually 
crystallizing, but they cannot apparently live in the sea. The 
reason is, perhaps, that the larvae of these two families respire 
atmospheric air, and obtain it by visiting the surface, and that 
the winds and waves prevent their living in the sea. 

It is only the Chironomid© which have been able to do this, 
and it appears that they have done so on several occasions, for 
the genera which occur in the sea are not closely related to one 
another, and they are found in nearly all the seas of the world. 
One surmises that several factors have contributed to the success 
of the Chironomid© in this respect. All Chironomid larv© have 
reduced tracheation and respire through the cuticle ; they are, 
therefore, not under the necessity of coming to the surface of 
the sea where they would be exposed to winds and waves, and 
tides; they can live continuously below the level of those 
unfavourable influences. The pupae of Peniomyia and of the two 
marine species of Tanytarsus described below from Samoa, show 
a corresponding adaptation ; they have lost the prothor&cic horns 
{respiratory trumpets), and presumably live an entirely sub- 
aqueous life, under water among the HalophUa . The vermiform 
female of Pontomyia has closed spiracles, and perhaps never 
leaves the mud tube among the leaves of the plant. 

Apart from these structural adaptations, which have assisted 
the larva, pupa, and even the imago, to live in the sea, there is 
a biological factor which has worked in the same direction. The 
larvee of many Chironomidae in fresh water eat diatoms, which 
are universally distributed in the sea; this has rendered it easy 
for insects of this family to enter the sea, and when they had 
done so to acquire an enormous geographical range. (The 
genera Clunio and ThcUassomyia plus Galapagomyia are found 
both in the Atlantic and the Pacific.) 

But even if the fact is established that no insects except the 
Diptera can live in water as salt as the sea one fails to understand 
why more Diptera have not done so, and why insects of other 
Orders have not gradually adapted themselves to increased 
salinity, as they have adapted themselves to altered conditions 
in so many other respects. In many parts of the world the 
transition from fresh to salt water is extremely gradual, for 
instance in the Baltic and the Caspian Seas, The Baltic as a 
whole is less salt than the oceans, and in the northern end the 
conditions are almost estuarine, and a considerable number of 
freshwater insects, especially larv©, are found. The Caspian 
is still less salt, and along the south coast there are great shallow 
lagoons, fresh on the landward side, where the rivers from the 
Elburz run into thebi, increasingly salt where they discharge 
into the Caspian, Tidal changes are not great either in the 
Baltic or the Caspian, and it seems curious that insects have 
failed to adapt themselves to the conditions which prevail here. 
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One must remember that even If an insect overcame the 
physical and chemical barriers in passing from fresh water to 
the sea, it would still be confronted by the biological barriers. 
It might meet predators against which it had no adequate 
•defence, and it would be forced to change its food. If our insect 
were itself predaceous, for instance an adult or larval Dytiscid 
Beetle, or a larval Odonatan, or Plecopteran, one can quite 
imagine it passing from river to estuary and thence to a shallow 
sea, adapting itself on the way from a diet of Oligochcete worms 
and insect larvae, to a diet of Polychaete worms, and Amphipods 
or other small Crustacea : and in view of the protean adaptability 
of insects in fresh water we can easily imagine the predator 
going further than this and becoming pelagic. 

So far as we know no predatory insects have ever succeeded 
in doing this. The only apparent exception are the Halobatidfe, 
a family of Rhynchota, related to the familiar Water Skaters 
(Hydrometridae). The Halobatidfe skate on the surface of the 
ocean in the warm parts of the globe ; in one sense of the word 
they are more truly pelagic than the seal or the albatross, for 
they never come to land, as they attach their eggs to floating 
debris and even the feathers of sea birds ; but in another sense 
they are not marine insects at all, because they are never sub- 
merged. For a phytophagous insect the change from fresh water 
to the sea would be even more difficult, because the insect would 
probably have to change from eating a Phanerogam in fresh 
water to eating an Alga in the sea. One has to remember that 
in all the seas of the world there exist only about thirty species 
of higher plants, which belong to three genera of Hydrocharitacese, 
and five genera of Potamogetonace® (Arber). Therefore a 
phytophagous insect, unless indeed it ate diatoms in fresh water, 
would probably be confronted by the need of a radical change in 
its nutrition at the moment when it was overcoming the physical 
and chemical barriers to which reference has been made. 

Summary. 

The habits and occurrence of a new submarine Chironomid 
midge ( Pontomyia ncdans Edwards, described in the previous 
paper) which was found by the author in Samoa, are described. 
It is pointed out that no other insect is known which is 
■submarine in all stages ; the reason for this is obscure, in view 
of the great adaptability of insects to the varying conditions 
which prevail in fresh water. For instance, insects which live 
in lakes and streams are able to withstand waves and currents : 
larvte of Diptera, and of one Trichopteron, can live in water as 
•salt as or salter than the sea; among the Chironomid®, many 
have marine larv®, but in ail except Pontoniyia the adult is 
aerial. In estuaries, and in such seas as the Baltic and the 
Oaspian, the boundary between fresh and salt water is gradual. 
In spite of this, insects have failed to colonize the sea ; possibly 

53 * 
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they can overcome any one of the barriers which exist between 
fresh and salt water, but not a combination of the barriers. 
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40. The Ossicula Auditfis of the Common Badger, Meles 
taxus. By H. C. Wilkie, F.U.C.V.S., F.li.M.S., 
F.Z.S. 

[Received April 19, 1926 : Read June 1 , 1926.] 

(Text-figures 1-5.) 

The auditory ossicles of the Common Badger are of special 
interest, not only from the purely anatomical point of view, but 
also because it is possible to trace in their morphological 
characters, forms of two types, those most generally considered 
as belonging to the Carnivora, and some which are particularly 
associated with the Insectivora. These ossicles have not, so far 
as I am aware, been made the subject of many recorded 
observations. 

The principal published description of them appears to be that 
of Doian, and this, probably owing to the extremely wide field 
covered by his work, is very brief. He refers to the remarkable 
malleus of Meles, its long head, the extent of its articular sur- 
faces, and the strange conical prominence on its neck. The incus 
he mentions principally as being like that of the Glutton, with 
its far-reaching processus longus and general resemblance to the 
characteristic incus of the Bears. 

The stapes is not referred to, nor are the ligaments and 
muscles connected with the ossicles. These latter have a special 
anatomical interest on account of their several important 
variations from the types most commonly found in Mammals, 
where such have been described, but I do not know of any 
recorded observations on these ligaments and muscles in Meles . 
There are consequently several gaps in the existing records 
which it is the object of the present notes to fill as far as 
possible. 

The Malleus. (Text-fig. 1.) 

This bone, like the other auditory ossicles of Meles , is rela- 
tively large in size, and has the general comparative straightness 
of form, and width of lamina which is common in the terrestrial 
Carnivora. It has, however, several strongly-marked character- 
istics, among which are the length of the head, the conical 
prominence on the posterior face of the neck, the strong and 
prominent processus muscularis, and the powerful well-spatulated 
manubrium. A vertical line drawn from the summit of the 
head to the terminal point of the manubrium has a measurement 
of 9*0 mm. 

All the measurements given in these notes are those of well- 
developed adult male Badgers. 
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The upper part of the head is directed forwards, and is of 
globular shape anteriorly, its posterior surface being occupied by 
the upper articular facet, which is nearly semicircular in shape. 
This facet is strongly concave as to its inner half, and nearly flat 
as to its outer. The lower facet is long and tongue-shaped, and 
takes a direction downwards, and backwards. This facet has a 
remarkable surface, being bent slightly upwards in its middle so 


Text-figure 1. 



Right malleus — internal aspect. 

H, Head. L.F. Lower articular facet. F.L. Free edge of lamina. P.0. Processus 
gracilis. C.P. Conical prominence of neck. P.M. Processus muscularis*. 
P.8. 'Processus brevis. M. Manubrium. 

as to farm two planes, the upper of which is fiat and tha lower 
convex. 

Thus the surface might be considered as consisting of two 
facets, and the entirOyarticular surface of the head of the malleus, 
of three facets. The Whole articular surface is long, measuring 
slightly over 3*0 mm. 

M»e neck of the malleus is nearly straight, and from it# 
anterior face, and at its base, the long, thin processus gracilis 
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takes a sweeping curve upwards, and forwards, terminating in a 
fine point which joins the free edge and extremity of the lamina. 

The lamina, which is of very tine bone, especially superiorly, 
arises from the base of the head on its external surface , and the 
free laminal margin takes a convex curvature extending down- 
wards and forwards to join the pointed extremity of processus 
gracilis. United to the anterior surface of the neck on the one 
side the lamina joins the proees.sus gracilis throughout its length 
on the other, and in doing so a ledge is formed which is of some 
importance, because it is upon this that the anterior ligament 
rests, as will be further described in dealing with the ligaments 
of the ossicles. 

On the posterior face of the neck — and nearly on a level with 
the terminal point of the processus gracilis on the opposite side — 


Text- figure 2. 



Right malleus of Rattus norvegicus — internal aspect. 

P.H. Prolongation of the head over the upper border of the lamina. L.A. Lower 
articular facet. P.G. Processus gracilis. P.M. Processus muscularis. 
O.A. Orbicular apophj'sis. M. Manubrium. 

there is a long conical prominence, the signification of which has 
not been determined, and its exact representative has not been 
recorded in any other animal. 

Doran considered it to be highly probable that this conical 
prominence is the homologue of the orbicular apophysis which 
exists in many of the Insectivora and the Muridie. An orbicular 
apophysis has not been observed in any other of the Carnivora, 
and should the conical prominence be its homologue, the matter 
would be one of great interest in view of the known feeding 
habits of the Badger. 

The conical prominence, although in a similar situation to the 
orbicular apophysis in many of the Insectivora, is placed much 
too high on the neck of the malleus to be in the homologous 
position of the well-defined orbicular apophysis in some of the 
Muridse. 
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The position referred to is shown in text-fig 2, where the 
orbicular apophysis of the malleus of Battue norvegicus is seen to 
be well down on the base of the manubrium on its inner and 
posterior side. A small processus brevis exists in B. norvegicus , 
but as it is on the outer surface of the base of the neck, it is 
hidden behind the large and well-defined orbicular apophysis. 

It is important to know that the conical prominence on the 
Badger’s malleus does not afford attachment to any ligament or 
tendon, and its function, if any, is quite obscure. It seems most 
probable that it is the trace of an ancestral form not yet deter- 
mined. 

The distance across the ossicle, from the point of processus 
gracilis to the apex of the conical process is 4’ 10 mm. 

The processus brevis is quite rudimentary, as there is nothing 
but a small elevation at the root of the manubrium to represent 
it. This has no connection with the posterior ligament of the 
malleus, but on the contrary it is firmly attached to the tympanic 
membrane, and it is from this point to the free extremity of the 
manubrium that the whole attachment of the malleus to the 
tympanic membrane extends. 

From the conical process the neck takes a sweeping curve 
downwards, and forwards, the continuation of which forms, the 
processus muscularis. This latter is a strong blunt process of 
important size which while curving upwards, projects inwards 
from its base to a distance of 1*0 mm. 

The base of the processus muscularis is at a distance from the 
summit of the head of 5*0 mm., and its distance from the free 
extremity of the manubrium is 4*0 mm. 

The manubrium is broad laterally with two edges, an external, 
and an internal. The inner edge which may be said to arise 
from the base of the processus muscularis, is a well-rounded form, 
and from its base to its terminal point takes a doubly curvature, 
concave at first, then convex and finally slightly curves outward, 
its extremity becoming spatulate. 

The external edge of the manubrium is flattened, and from its 
base it is at first nearly straight, then towards its extremity it 
becomes slightly cocave. 

The whole of the edge is attached to the tympani^taembrane, 
and this attachment extends from just below the upper part of 
the tympanal circle to well below the centre of tb«H membrane. 
The vertical diameter of the tympanic membrane measures 
7*0 sun., and its transverse diameter reaches nearly 8*0 mm. It 
is set within a strong bony frame, the tympanal circle, which is 
well elevated above the wall of the tympanum, especially at its 
lower part, where/thf, elevation reaches 8*0 mm. 

The Itocu*' (Text-figs. 8 & 4.) 

The incudes of the terrestrial Carnivora generally, so far as 
they have Wen described, appear to be nearly always rather 
email in proportion to the mallei, • 
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The general rule cannot be said to be true of Meles , where the 
incus, although not relatively so large as in some of the Bovidie, 
yet is of considerable volume. It has a remarkable resemblance 


Text- figure 3. 



Uiglit irnns — external aspect. 

P.B. Processus brevis. l.F. Upper articular facet. L.F. Lower articular facet. 
P.L. Processus longus. S.A. Sylvian apophysis. 

to that of the Bears, on account of its long widely-divergent 
processus longus, and its nearly fiat disc-like Sylvian apophysis. 


Text-figure 4. 



Right incus— internal aspect. 

P.B, Processus brevis. P.L. Processus longus. O.P.L, Channel of processus 
longus. S.A. Sylvian apophysis. 

(This resemblance to the Bears does not extend to the malleus, 
as in that ossicle the processus muscularis, which is so important 
functionally in Mde*< is practically obsolete in the Ursidae.) 
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The body of the incus in Melee is rather large and nearly 
square, having a long diameter of 2*20 mm. and a short one of 
2*0 mm. The processus brevis is short, thick at its base, and 
roughly triangular in form, curving upwards at its free extremity. 

The processus longus, widely divergent from the brevis, has 
a total length from its base to its free extremity of 2*50 mm. 

The process is deeply channelled on its anterior face, a pecu- 
liarity which I think has not previously been noted in any of the 
Carnivora. 

A channelling of the processus longus has long been recorded 
in certain of the Insectivora, and appeals to reach its greatest 
development in Talpa , Condylura , and Chrysockloris. 

Doran, referring to the processus longus of Talpa , says : — “It 
is deeply channelled on its front and inner aspect.” This does 
not agree with my observations, as among the large number of 
moles I have examined, the position of the channelling is always 
on the antero-external aspect, and is invisible from the inner 
aspect of the ossicle. 

In Meles, the channelling occupies the anterior face of the 
process and is visible from the inner side. The extremity of the 
process turns in a hooked form to the inner side, and to this is 
attached the Sylvian apophysis by a short and narrow peduncle. 
This apophysis is a beautiful oval disc, the long diameter of which 
measures nearly 1*0 mm., and it has a very slightly concave arti- 
cular surface. 

The peduncle, which attaches its centre to the extremity of the 
processus longus, is short and relatively fine. The malleo-incudal 
articular surface has a long diameter of rather over 3*0 mm., 
and the facets of the incus show even more distinctly than those 
of the malleus the three planes which I have described when 
dealing with that ossicle. 

The lower facet extends well down over the base of the pro- 
cessus longus on its external face. 

The Stapes. (Text-fig; 5.) 

This is also a relatively large ossicle, and measures from the rim 
of the base to the summit of the capitulum 2*0 mm. 

The oval base has a long diameter of 2*50 mm., and it consists 
of two parts, a rim of substantial thickness with square-cut 
edges, and a hollow well-like centre which forms a strongly- 
marked umbo, projecting towards the vestibule. 

The crura are thick and unsym metrical, as the posterior or 
shorter crus is thicker and straighter than the anterior. The 
capitulum is slighter convex, and is furnished with a small over- 
hanging rim for the attachment of the capsular ligament of the 
joint. 

The postero-iafcernal edge of the rim Inclines downwards 
towards the posterior crus, and expands to form a small tubercle 
for the insertion of the tendon of stapedius muscle. 



AUDITftS OF THE COMMON BADGEH. 


821 


Beneath the capitulum the crura unite to form a bulky but 
hollow mass, and on this account the intercrural aperture is 
relatively small. This aperture, which has the form of a pointed 
arch, has a height from the base of 0*80 mm., and its maximum 
transverse diameter is about the same. The thick crura are 


Text-figure 5. 



Right staples — internal aspect. 

C\ Capitulum. T. Tubercle tor insertion of stapedius tendon. A.C. Anterior crus. 

P.C. Posterior crus. I.A. Intercrural aperture. ll.B. Kim of base. U.B. 

Umbo of base. 

hollowed out towards the intercrural aperture, and this hollowing 
extends above the aperture, and below it into the builate promi- 
nence or umbo of the base. The anterior crus is perforated by a 
large foramen which gives passage to the stapedial branch of the 
posterior tympanic artery. 

The Ligaments and Muscles . 

The ligaments and muscles of the auditory ossicles of Meles 
are in many respects especially interesting in their attachments 
and anatomical relationships, and I do not know of any pub- 
lished description of them. 

The Anterior Ligament of the Malleus . 

This arises from its attachment to the sphenoid bone, and 
passes through the fissura Glaseri. It becomes attached to the 
point of the processus gracilis and passes downwards, lying 
against this process and on the ledge previously described as 
formed by the process and the lamina. 

The ligament, then passing under the processus muscularis, 
takes one complete turn round the shaft of this, and terminates 
in a strong insertion on its anterior face. 

The Posterior Ligament of the Malleus . 

This arises from a strong point of attachment to the under 
surface of the ridge which marks the entrance to the attic, and 
thence passes directly across to the processus muscularis. 
Passing under the shaft of the process it takes a complete turn 
round It and is finally inserted on its posterior face. 
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Thus both these long ligaments are wound round and inserted 
into the shaft of the processus muscularis, the anterior ligament 
encircling its base, and the posterior ligament winding round 
immediately above the anterior and at about the middle of the 
shaft, 

Tho two ligaments form a strong sling for the malleus, and 
appear to obtain special strength of attachment from the manner 
in which each winds round the processus muscularis before 
arriving at its point of insertion. A remarkable disposition of 
the anterior ligament of the malleus occurs in Talpa , of which 
I have not seen any published description. This long ligament 
after passing through the fissura Glaseri, and forming a strong 
attachment to the free extremity of processus gracilis, follows 
the course of the inner lamina (for there are two in Talpa) as 
far as the groove which I described and illustrated in a former 
communication (P.Z, S. 1925, p. 1284). 

Lodged in this groove, the ligament descends with it, and 
winds round the anterior face of the ossicle to gain the surface 
of the outer lamina, in the centre of the lower part of which 
there is an ovoid roughened surface, and into this the ligament 
is inserted. 

Thus this long ligament embraces the ossicle closely by 
enfolding nearly its whole circumference. 

There is no trace in Talpa of a processus muscularis. 

The Tensor Tympani Muscle, 

This muscle in Meles is remarkable for its great development. 
It is wholly contained within the cavity of the tympanum. It 
arises from an extensive attachment to the roof of the tympanum, 
and is a large pear-shaped muscle with a maximum diameter in 
the uncontracted state of 3*0 mm. It terminates in a powerful 
tendon, which is inserted into the cap which forms the blunt free 
extremity of the processus muscularis. 

The total length of muscle and tendon from origin to insertion 
is over 5*0 mm. 

f * 

The MaUeo-Iricudal Capsular Ligament, 

The joint formed between the malleus and the mens is pro- 
vided with a tough and rather thick capsular ligament. 

A suspensory ligament with an insertion into the bead of the 
malleus does not exist in Meles . 

The Posterior Ligament of the Incus . 

■,v 

This follows tho course most commonly noted in other terres- 
trial mammals, and needs no special mention, except that it is a 
strong ligament of fan-shaped form, the narrow end taring the 
insertion into the extremity of processus brevis. 
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The Incudo- Stapedial Capsular Ligament . 

This is very fine in texture and loosely encloses the joint. 
It appears to allow very free sliding movements between the 
disc-like Sylvian apophysis and the facet on the capitulum of 
the stapes. 


The Stapedius Muscle and Tendon. 

This is a very small structure and contains but little muscular 
tissue. The tendon is relatively fine, and has a good point of 
insertion into the tubercle on the posterior and inner border of 
the capitulum of the stapes. 
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41. Descriptions of New Mites, including four New Species 
of “ Red Spider.” By Stanley Hirst, F.Z.S. 

(Offered for publication by permission of the Trustees of the British Museum.) 

[Received April 15, 1926 : Read June 1, 1926. j 

(Text-figures 1-11.) 

Family Trombidiidje. 

Parachyzeria, gen. nov. 

Allied to Chyzeria Can. There are no processes on the body, 
but four large tufts of hairs are present anteriorly on the 
dormrn and also smaller whorls of hairs posteriorly. Crista etc. 
of the same type as in Chyzeria. 

Parachyzeria indica, sp. n. (Text-fig. 1.) 

5 . Colour (in spirit) pale yellowish to reddish, the four shoulder- 
tufts of hair are iridescent golden-yellow, sometimes pale copper in 
tint. Anteriorly there is a little median projection as in Chyzeria 
novce-zclandice Hirst, but apparently more pointed ; this little 
process seems to be part of the crista and bears on its base two 
very fine unfeathered hairs; another pair of similar very fine 
unfeathered hairs is present on two little rounded eye-like 
tubercles situated a little further back. This area supporting 
the crista and sensory hairs is smooth and hairless, but surrounded 
by a circular border of plumose hairs. A pair of eyes on a short 
peduncle is situated on each side of the cephalothoracic part of 
the dorsum. Abdominal part of dorsum furnished anteriorly 
with four conspicuous tufts of hairs ; basally each tuft is very 
dense, consisting of two distinct kinds of hairs or set®, viz. 
short, stiff, unfeathered setie and much longer and finer plumose 
hairs. Near the posterior end of the body there are two 
(three ?) pairs of whorls also composed of two kinds of hairs, the 
short, stiff, plain, setiform hairs forming the centre of each whorl. 
Central part of abdomen dorsally furnished with numerous little 
circular appearances, from each of which a short and very fine 
stiff plain (unfeathered) hair or seta springs. Laterally there 
are very numerous plumose hairs, some being much longer 
than others. Hairs on venter mostly fairly short and plumose. 
Behind the posterior cox® there are little smooth areas with an 
outer fringe of regularly-arranged stiff plumose hairs. Pen- 
ultimate segment of palp with two strong terminal thorns, one 

Foot~not4.-»W ith the exception of text-fig», 1 and 6, all the text-figures illustrating 
this paper have been done by Miss Violst Borrow with tbs aid of a camera lucida, 
under my personal supervision. 
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being stronger than the other; there is also a rather incon* 
spicuous little comb composed of a few much shortei and weaker 


Text-figure 1. 
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the Ugs are furnished dorsally with a narrow strip of very short 
fine plain hairs, but this strip is restricted to the basal half of 


Text-figure 2. 



Schbnga*t<a athtopica, »]> n. 

<i Dorsal aspect, b. The dorsiil sen turn greatly enlarged 


the m gmMto is the ease of the second pair of legs. Clews 
of anterior pair of legs much smeller than those of the other legs. 

Pboo. Soto. Soa— 1926, No. LIT, 61 
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Length of body 2*35-2*5 mm. ; its greatest width (mounted 
specimens probably slightly pressed) 1*45-1 *7 mm. 

Habitat. India ; two tubes of specimens without exact locali- 
ties. One tube labelled no. 5 <M. C. Gherian) is probably from 
Coimbatore. The other labelled “ Bed Spiders on Pistia , 22. 
ix. 1921 (H. S. Bao)” probably is from Calcutta. A-lso a dry 
specimen from Ban dr a, Bombay (Dr. Jayakar). 

Schongastia .ethiopica, sp. n. (Text-fig. 2.) 

Larval Form. — Dorsal scutum shaped as figured (text-fig. 2 b ) ; 
the anterior margin is very slightly sinuous ; posterior margin 
somewhat convex ; three hairs are present on the anterior margin 
of this scutum, one being median, the others lateral ; pseudostigmal 
hairs placed nearer to the posterior margin than to the anterior ; 
the enlarged distal end apparently more elongated than in 
8. cercopttheci Trgdh. The usual pair of posterior lateral hairs 
are not placed on the scutum. Anteiior eye better developed 
than the posterior one. The integument neai the eyes is rather 
stiongly chitimzed. Hairs on dorsum distributed as shown in 
figure; they are short and distinctly feathered. Coxes each with 
a single feathered hair. A pair of hairs is situated between the 
second coxae and another pan between the third coxae. Hairs on 
posterior part of venter rather numerous. Hairs on dorsal 
surface of palp slightly plumose, except that on the tibia, which 
appears to be plain. 

Length of body (mounted specimens, probably slightly pressed) 
*43-*55 mm. 

Habitat . Accra ; on a small grey bat (Dr. Scott Macfie). 

Family Tetranychids, 

Tetranychus fici, sp. n. (Text-fig. 3 c, d.) 

<$ . Segmentation of body apparently rather distinct, three 
transverse lines running across the middle of the dorsum some- 
times being visible, the hairs also arranged in transverse rows. 
Strongly-chitinized portion of perns fairly elongated and with a 
slight double sinuosity of curve resembling somewhat that of 
T. carpini Oudmns. Terminal finger of palpal tarsus either # 
very minute or entirely absent ; the two stiff terminal rod-like 
setae are very long as in T. cratesgi Hirst ; dorsal finger fairly 
long, slender, slightly club-shaped. Claw of first leg rather 
strong and split into denticles distally moch as in 2 \ tslarim ; 
claws of remaining legs split into hairs as in T. tslarim . Tenent 
hairs of tarsi of legs eight in number. 

$ . Terminal finger of palpal tarsus of moderate length and 
Stoutness; the rod -like setae long; dorsal finger of palpal tarsus 
long and slendbr, being about as long as the shorter of the two, 
iitiff, rod-like setae. Cbm of legs split into hairs distelly as in 
marina. 
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Measurements. Length of male (including palpi) -29 mm., of 
female (inch palpi) *43 mm., of body of female only ’31 mm. ; 
length of penis (strongly-chitinized protrusible portion only) 
19 p, of dorsal finger of palpal tarsus of male 6/*, of rod-like 

Text-figure 3. 



Tetranyckus (Schizotetrangchus) andropogoni , sp. n., and Tetra n ychus jic i, ftp. n. 

a. Penis of T. (8.) andropogoni . b. Palpal tarsus of T. (S.) andropogoni , 
e. Penis of T.Jici. d . Palpal tarsus of T.Jici , $ , 

terminal seta* 6-6J of terminal finger of palpal tarsus of female 
5| p ; its width 2-3 /a. 

Host plant : Fig ( Ficus carica ), on leaves and fruit ; Coim- 
batore, India (M. C. Cherian Coll). 

Tetranychus (Schizotetranychus) andropogoni, sp. n. (Text- 
fig. 3a, b.) 

d . Hair* on body plain, not being feathered. Penis shaped 
rather like that of Anychm latus Can. & Fanz., and also some- 
what resembling that of Paraietranychus ilicis as figured by 
McGregors Terminal finger of papal tarsus moderately elon- 
gated, rather slender and bluntly pointed apically; the two 
rod-like set® near the terminal finger are shorter than it; 
dorsal finger very slander and slightly club-shaped. Claws of all 
the lege bifurcated* 
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5 . Fingers and sttce on tarsus of palp very similar to those 
of the male sex. Claws of legs bifurcated as in the male. 

Length of body of male (including head-plate) *24 mm. ; 
length of penis (sfcrongly-chitinized part only) 14^, of terminal 
finger of palpal tarsus of male 5 a, of dorsal finger of same 5 p. 

Host plant : Andropogon annulatus (leaves); Coimbatore, India 
(M. 0. Cherian). 

Paratetranychus oryza:, sp. n. (Text-fig. 4 a t f g.) 

3 . Allied to P . iseilemce Hirst, but the penis much better deve- 
loped than in that species and more strongly curved (text-fig. 4 /). 
Setce etc. of tarsus of palp very similar to those of P. iseilemce ; 
the terminal finger only of moderate length ; dorsal finger about 
as long as the terminal finger and very slightly shorter than the 
longer of the two stiff rod-like setae. Claw of first leg of male 
with the lower part shaped as in P. iseilemce and P. indicns , 
being in the form of a single process only slightly dentate at the 
tip instead of split into several hair-like branches as is the case 
in the posterior legs. First leg distinctly longer than other 
pairs. Tenent hairs of tarsi of legs four in number. 

Length of body (including head-plate) ‘26 mm. ; length of 
chitinous protrusible part of penis 10-13 p, of terminal finger 
of palpal tarsus of male nearly 5 p, of dorsal finger of same 5 ;x, 
of longer of the two stiff rod-like setae 5 ; \ p. 

Host plant: Paddy (leaves); Coimbatore, India (M. C. Cherian). 

Paratetranychus tunicac, sp. n. (Text-fig, 4 h y <f, d , e.) 

3. Hairs on body long and densely but finely plumose. 
Terminal strongly-chitinized part of penis short, curved, the tip 
being narrowed and without barbs. Setae on palpal tarsus very 
like those of P. trinitatis Hirst ; terminal finger almost obsolete, 
being reduced to a small inconspicuous cone ; the two stiff 
rod-like setae comparatively long ; dorsal finger unusually short. 
Claws of legs normal for the genus, the dorsal claw-like structure 
being stout, whilst the ventral part of the claw is, as usual, split 
into very fine hairs. Eight tenent hairs are present on the 
tarsus of each leg. 

2 * Terminal finger of palpal tarsus in the form of a quite 
short but stout stump (text-fig. 4 e) ; dorsal finger small and 
slender as in the male ; the shorter of the two stiff rod-like seta* 
distinctly longer than the terminal finger, the other rod-like seta, 
being much longer. As in the male sex, there are eight tenent 
hairs at the end of the tarsi of the legs, but they are often so 
closely joined in pairs that they may appear to be only four in 
number. 

Length of male (including palpi) *40 mm. ; length of female 
(including palpi) *42 mm. ; length of body-hairs of male 80-96 p f 
of penis (strongly-chitinized portion only) about 11 p, of terminal 
fifeger of male palpal tarsus l£p t of dorsal finger of same 
of stiff rod-like set© 5-5 \ p. t 



Paratetranychus orysa, sp. u., and P. punier sp. n. 

Distal end of first leg of P. orysa, b. Distal end of leg of P. punier 
e. Penis of P. punka, d. Palpal tarsus of P. pmiea, £. e. Palpal tarsus 
of P. punka, ? . f. Penis of P. orysa. $. Palpal tarsus of P. orysa, <J. 
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Length of terminal finger of palpal tarsus of female about 4}/*, 
its width 4$ /u ; length of dorsal finger of female palpal tarsus 
about 3$ /u, of the stiff rod-like setae 0-6$ p. 

Host plants : Pomegranate (leaves) and grape-vine ; Coim- 
batore, South India (M. 0. Cherian). 

Pakatetranychus go8SYpii Zacher. (Text-fig. 5.) 

<$ , Dorsal hairs in our specimens apparently longer and finer 
than the hair figured by Zacher; the basal half is not much 


Text- figure 5. 





JParatetranychus gotsypii Zacher. 

a. Palpal tarsus of male. 5. Distal end of first leg of male. c. Penis. 


thicker than the rest of the hair. Anterior eye well defined, the 
posterior one not so distinct. Penis shaped rather like that of 
Tetranychns ( S chizote tranychus) schizopus Zacher, but the elon- 
gate barb much more strongly curved and the hard chitinous 
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part just before the barbs also more strongly curved (see text- 
fig. 5 c). Terminal finger of palpal tarsus quite long and 
of moderate thickness; dorsal finger very much shorter than the 
terminal finger ami club-shaped ; the two rod-like seta? are long 
and slightly curved. Clairs of legs typical for the genus, having 
the usual undivided dorsal claw-like portion and a ventral part 
split into rather long fine bristles (text-fig. 5 h). 

Note. — T he tip of the main claw of the palp is truncated in 
the male specimen from Cassax a. leaves and is also slightly 
indented. Dorsal finger less club-shaped also in this specimen. 

Length of hard ohitinized portion of penis 2() p, Terminal 
finger of male palpal tarsus 9 p in length and about 2p in 
width ; dorsal finger of same 3 p in length ; longer rod-like seta 
9 p in length. 

Habitat . Freetown, Sierra Leone; on Cassava leaves, 22. viii. 
1924 ( K. Hargreaves). Also Njala, Sierra Leone; on Bengal Bean, 
15. v. 2f> ( E. Hargreaves). San Thome, Portuguese West Africa ; 
on Car ica pa papa (F. W. Uricli). 

Fa m ilv Tars o x e m i n .K. 

Tarsonemella uapkxsis, sp. n. (Text-figs, f> <fc 7 a.) 

9. Closely allied to T. africana Hirst. Imt hotly apparent lv a 
little narrower. Hairs on dorsum very short. Distal, sensory , 
striated, rod-like seta of first tarsus (text-fig. 7 a) shorter and 
stouter than in 7 \ africana; the two more proximal striated seta* 
on this tarsus are very slender, one being longer than the other and 
slight ly club shaped. Second and third legs with pulvillus, hut the 
fourth is modified as in 1'arsoaemm , being narrowed and furnished 
with the usual terminal ^se : EaT^ r Tarsus of second leg with a short 
stout seta externally aud also a slender, fairly elongate, striated, 
rod -like seta. 

Length of body (including eapitulum) 200-203 p; its width 

90p. ' 

Hah. Mossel Bay, Cape Province, South Africa ; several 
specimens on Alfonsiella sp. (R. E. Turner), 

Fam ily Sarco p t i d .e, 

Ciiorioptes texan us Hirst. (Text-fig. 7 b.) 

1 take the opportunity to publish a drawing of the posterior 
lobe of the male of this species, showing the shape and length of 
the seta* etc. Jt will be seen that the set® on this lobe differ 
greatly from those present in the same position in Chorioptes 
equi var. caprce Grerv. & Bened. Flattened blade-like hairs on 
the abdominal lobes very much narrower than in C. equi var. 
caprce. Outermost hair of each lobe quite short and fine, whereas 
in the var, caprce this hair is very long and also thickened at the 
base. Feet in both sexes of C . texanus normal for the genus 
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Chorioptes, the stalk bearing the sucker being short and un- 
segmented. It will be seen from the above that two quite 

Text-figure 6. 



Tartotiimella captmU, ip. n., $ . Ventral aapect. 


distinct species of the genus Chorioptes are to be found parasitic 
on goats. 

Note.*— Since writing the above my attention has been directed 
to A paper recently published by Oudemans, entitled 44 Chorioptes 
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caprm Del. & Bourg. 1858 ” (Tijdschr. Ent. 1926, lxix. pp. 1-18, 
4 pis.). In this paper Oudemans describes at length specimens 
of a Chorioptes taken on goats at Buitenzorg. Java. This 
Chorioptes certainly seems to be the same as the one I have 
described under the name C . texanus , but there is no real 


Text-figure 7. 



a. Tarsonemella capentit, sp. n. Tarsus of first leg. 

b. ChariopU 8 texanut Hirst. Abdominal lobe of male, showing setae* 

evidence to show that it is C, caprce . In his great work 
on. medical zoology, Railliet, who has examined Delafond's types 
of C. caprce , regards it as a variety of C. equi. I myself have 
seen and studied quite typical specimens of C. equi found 
on goats. 


Family Gamasidj:. 

LlPONYSSUS SUDANENSI8, sp. n. 

2 . Closely allied to L, nyassce mihi and to L. chiropteralis 
mihi, having two dorsal shields as in those species, but the 
second and third coxae each have a short, strong, pointed spur 
ventrally, whereas in the two species just mentioned there ara 
no ventral spurs on the cox®. Dorsal shields shaped as in 
X, chiropteralis ; the posterior shield has three pairs of compara- 
tively long hairs on its surface and two or three pairs of very 
short hairs at the posterior end (sometimes there is a pair 
of longer hairs posteriorly). Hairs on rest of dorsum fine 
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and Stiff and fairly numerous. Sternal plate very much wider 
tharf Jong ; three pairs of hairs are present on this plate, the 
posterior pair being placed on its much thickened concave 
posterior margin. Genito-ventml plate normal for the genus* 
being wedge-shaped and furnished with the usual pair of hairs ; 
posteriorly it ends in an unusually line point ; surface of this 
plate posteriorly with two strong linear markings converging 
near the middle to form a single line. First and fourth coxm 
without any spur ; second coxa w ith an anterior spur dorsally 
and with a short but strong, pointed, ventral spur; third coxa 
with a similar ventral spur. Anal plate normal, being pear- 
shaped and with the three usual hairs. Peritremal tube reaching 
forwards almost to the anterior end of the second coxa. First 
free segment of palp with a distinct ventral process. Leys 
furnished with fine hairs. 

Length of body *63~ # 70 mm. ; its width *38- *40 mm. 

Habitat . Khartoum, Sudan; off Bat (. Liponycteris nudiventris ), 
9. xii. 1925 ^H. B. Johnston). 

Neolaslaps, subgen. nov. 

Peritremal tube unusually wide. Genito- ventral plate with 

only three pairs of hairs. Other characters as in La, laps (s. s.). 

Kelaps (Keolaslaps) magxistigmatus (Vitztlium). (Text-fig. 8.) 

Liponyssus magnistigmatus Vitzth. Arch. Naturg., Abt. A, 
lxxxiv. 1918, pp. 21-23, text-figs. 14 & 15; id. Treubia, 
viii. 1926, pp. 93-104, text-figs. 58-65. 

? Lejognathus snxosus, Berlese, liedia, vi. 1910, p. 261. 

5 . Dorsal shield covering the entire dorsum, but slightly 
narrowed near the middle at the posterior end of the peritremal 
tube ; hairs on this shield rather numerous, one or two of the 
posterior hairs being longer than the others. Sternal plate 
shaped as shown in figure, the posterior margin being concave ; 
it has faint rather scale-like or reticulate markings on its 
surface; the three pairs of hairs on this plate are long. Geviito- 
ventral plate short but wide, being shaped as figured ; there are 
only three pairs of hairs on this plate (instead of four pairs as in 
typical Lcelaps ) ; very faint linear markings like those present in 
L, nuttalli etc. are visible on the surface. Posterior unpaired 
hair on the anal plate much stouter than the paired hairs, all 
three hairs being short. Hairs on the venter short and fine, but 
there is a longer posterior hair on each side of the anal plate. 
Peritremal .tube unusually large and wide, the posterior end of it 
being swollen and bulbous ; the tubular part reaches anteriorly 
just beyond the anterior surface of the second coxa. On each 
side of the ventral surface of the capilvlnm there is a stout thorn 
as in X, parvulus Hirst. Coxa of first with a pair of stout 
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thorns, and second coxa witli a dorsal thorn anteriorly as in some 
species of Liponyssus , besides a ventral anterior thorn ; only a 


Text-figure 8. 



seta is present on the posterior ventral margin of this coxa. 
Third coxa with a rather thin antero-ventral thorn and a shorter 
thorn on its posterior margin. Last coxa unarmed. 

Length of body -SO-’OO mm. 
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Hah . Kalutara, Ceylon ; specimens from Pteropua giganteus , 
received through Mr. H. Scott. Kuching, Sarawak ; specimens 
from Pteropu8 edule (J. Hewitt). 

HETBROLiELAPS, subgen. nov. 

Qcnito-ventral plate very small and furnished with five pairs of 
hairs. Second and third coxae each with a ventral spur. 

LjElaps (Heteeol-elaps) antipodiana, sp. n. (Text-fig. 9.) 

$ . Bather a wide species, the width being only a little less 
than the length. Hairs on dorsal scutum longer but much less 


Text-figure 9. 
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furnished with faint reticulate markings ; it has three pairs of 
hairs, the two posterior pairs being long. Genito-ventral plate 
resembling that of Z. anomalus in its small size, but not 
sac-shaped, having straighter sides; this plate is provided with 
very fine indistinct linear markings very like those present in 
Z. nuttalli etc. ; there are usually five pairs of hairs on this plate, 


Text-figure 10. 



Lalaps ( Mesolcelaps ) anomalus , sp. a., ? . Ventral view. 


the anterior pair being un usually long ; the posterior pairs of 
hairs are placed on the margin and apparently vary in number. 
Anal plate not very large, being shaped as figured ; it is narrower 
than that of Z. anomalus . Venter densely furnished with rather 
stout hairs; posteriorly these hairs are longer and slightly plu- 
mose* Peritremal tube extending as far forwards as the second 
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coxa or beyond it. Second coxa with a compressed, blunt, stump- 
like spur and a similar but much smaller spur is present also on 
the third coxa. 

length of body *87-*96 mm. ; its greatest width about *73- 
*85 mm. 

Habitat . Sydney, Australia ; on Peramehs nasuta (Molteno 
Institute of Parasitology). 

MESOL/ELArs, subgen. nov. 

Genito-ventral plate very small, sac-shaped in outline, and with 
only three pairs of hairs. Cox os without spurs. Peritremal tube 
not enlarged. 

Laslaps (MesoLjElaps) anomalits, sp. n. (Text-fig. 10.) 

$ . Dorsal scutum elongate-oval, about one and a half times 
longer than wide; it is slightly wider behind the last pair of legs 
than anteriorly; hairs on its surface fairly long, especially the 
posterior ones. Hairs on lateral uncovered part of dorsum very 
numerous and shorter than those on the scutum, but posteriorly 
on this uncovered part there are some longer hairs. Sternal 
plate fairly large and shaped as figured, the posterior margin 
being convex; its surface is ornamented with a network of linear 
markings; three pairs of hairs are present on this plate. Genito- 
ventral plate sac-shaped, but very much smaller than is usually 
the case in the genus Lodaps and with only three pairs of hairs ; 
it has linear markings mostly transverse in direction as in 
Lalups nuttalli etc. Anal plate large and pear-shaped, the 
pointed posterior end being somewhat elongated ; anteriorly this 
plate is marked with curved parallel striaTions. Coxal platelet 
elongate but not very narrow. Peritremal tube long, extending 
forwards beyond the first coxa. Hairs on venter numerous and 
not very long except at the interior end of the body; some of 
them are slightly plumose. Legs slender and furnished with 
fine hairs, mostly slightly plumose. 

Measurements. Length of body 1*06 mm. 

Habitat . Sattelberg, Huon Gulf, New Guinea; Peramelcs , 
1911 (Prof. F. Foster). 

Laslaps (MesoljELAPs) australiensis, sp. n. (Text-lig. 11.) 

5 . Allied to Lcdaps (Mesdcdaps) anomalus, sp. n., having 
only three paii« of hairs on the genito-ventral plate as in that 
species, but this plate is larger in L . australiensis , Dorsal scutum 
elongate-oval. Sternal plate well developed, reticulate, and with 
the three usual pairs of hairs ; its posterior margin is concave 
(that of L. anomalm is distincly convex). Genito-ventral plate 
with only three pairs of hairs ; it is ornamented with transverse 
linear markings taif&n L. mcttaUi etc. Anal plate moderately 
well developed but smaller than that of L, anomalus ; it is fairly 
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wide and the three hairs are fairly long, especially the posterior 
impaired hair. Co.ml platelet comma-shaped. Peritremal tube 
long, reaching forwards to join that of the opposite side of the 
body and being fused with it. Hairs on venter numerous and of 


Text-figure 11. 



moderate length, some of them, especially the posterior ones, 
being slightly plumose. 

Length of body *95 mm. 

Ifalritat. Toowamba, Queensland. Off mice. Specimens for- 
warded by Prof. 0. Strickland, of the Calcutta School of Tropical 
Medicine. 
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4*2. Growth-changes in the Skull of the Baboon, Papin 
jtarrunus*. By S. ZuciyEkman. M.A.f 

[lUwmil Apnl l(i, 11)20 • Heml June 1, 11)20.] 

(Plate I. J ; Text- figures 1 7.) 

(1) Inirodi ctiun. 

The growth changes m any skull after birth are very striking. 
For example, Fioriep, in the eai ly part of the nineteenth century, 
pointed out that in the ease ot the human skull, the size of the 
cranium nt ( he now-horn infant is eight times that of the face; 
whereas in the adult, the cranium is only twice the hulk of the 
face. Much more striking changes take place in the post-natal 
de\elopmen1 ot t he skulls of other primates, such as the Gonila, 
Chimpanzee, etc 

Bischoin J8<>7) published a detailed account of the giowth- 
changes in t he Orung. Chimpanzee, and (ini ilia. Since his time 
theie does not appear to ha\e been published any other account 
which deals with all the growth-changes in any one species. 
Vnehnw (JHHOi, Topnmid (18(171, . mongst othei s bine also 
conti lhuted to this study. Of recent workers may he mentioned 
Bulk Duckworth (Ihlbi, and, more particularly, Keith (18D5, 
lillO, Dhio). 

Complete references were not available during the course of 
this investigat ion. hut 1 lane been able to ascertain the more 
lmpoitant results ol moM ot the \\ oik which has been done in 
this li"ld. In most, eases only isolated aspects of the unions 
growth phenomena have been dealt with, and the literature on 
the subject is vei v scattered. 

No far as 1 ha\e been able to discover, no woik of this nature 
has been done on the Baboon skull. Accordingly, at Profes.soi 
M. 11. Drennan s suggestion, J undertook to msestigate the 
growth-changes on the material at my disposal in Cape Town. 
The impoitnncn of such im estigations for the proper inter- 
pretation of young primate skulls cannot he exaggerated. 


(2) Material and Acknowledgments. 

The mateiial available for this study m Cape Town consists of 
forty skulls, all belonging to the same species, and probably also 
to the same variety of Baboon, i. e., Papio parcarim. So far as 1 
ha\e been able to ascertain, all have come from the region south 
of the Karroo — the southern districts of the Cape Province. 


# Being & research undertaken while working for the Degree of Master of Arts in 
Anatomy, at the University of Cape Town, 
t Communicated by Prof. G. Elliot Smith, F.R.S., F Z.S. 

J For explanation of the Plate see pago 873. 

Proc, Zool. Soc. — 1926, No. LY. 
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Twenty-six skulls, in better condition than the others, were 
selected for more intensive study. Detailed measurements, etc. 
of these skulls are given in Table I. Of these twenty -six skulls, 
fourteen belonged to the Anatomical Department of the 
University of Cape Town, six to the Zoological Department, and 
six to the South African Museum. 

1 wish to express my indebtedness to Dr. 0. von Bonde, of the 
Zoological Department of the University of Cape Town, and to 
Dr. Gill, of the South African Museum, for access to their 
material. 


(3) General Considerations. 

(a) Ageing of the Skulls. 

In the literature dealing with the Baboon there is no 
information concerning the dates at which the various teeth 
erupt, nor have I been able to get much further information on 
this point from naturalists who are interested in these animals. 
The only reliable information which I have is derived from 
personal observations on a young male Baboon, born in captivity, 
whose age is thus definitely known. When twelve months old 
he began to cut his first permanent lower molars, and now, «t the 
age of thirteen months, his first permanent upper molars have 
appeared. 

As a further point of interest in this connection it may be 
mentioned that, when on a hunting expedition, I secured a full- 
grown aged male (B. 17), an immature laetating female (B. 8), 
whose third molars had not yet erupted, and her male baby (B. 1 ) 
with two median milk incisors in both jaws, and with the metopic 
suture fully open. The latter animal could not have been more 
than a few weeks old. ( Bryce, 4 Quain’s Anatomy/ 1915, vol. iv. 
p. 61, states that in the Anthropoid Apes fusion of the rnetopic 
suture occurs either before or just after birth.) 

Owing to this scarcity of reliable information as regards the 
ageing of baboons, I have contented myself with arranging the 
skulls in a series according to the stage of dentition presented by 
each. After dentition is complete the arranging of the skulls in 
order of age becomes much more difficult, but by careful attention 
to the various criteria of maturity — such as are used in 
estimating the age of a human skull— an attempt has been made 
to prolong the series upwards. 

Table I. contains detailed measurements of the twenty-six 
skulls selected for more intensive study. These skulls have been 
arranged in order of age, and the sex is indicated. 

In the case of the skulls which possessed a complete permanent 
dentition (B. 9-B. 12 in the adult female group, and M. 4-B. 19 
in the adult male group in* Table I.), the criteria of age which 
were chiefly consulted were (1) the condition of the spheno- 
basilar suture, (2) the condition of the other cranial sutures, 
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(3) the condition of the teeth, and (4) the development of the 
crests, although not much reliance was placed on this factor. 

In skulls M. 4 to B. 18 in Table I. the spheno-basilar suture is 
unclosed, though all except M. 4 evince signs of being in the 
adult condition (Duckworth, 1 904, * Studies in Anthropology,* 
records the same occurrence in the tlorilla). The order in which 
the skulls ot this sub group have been placed was decided upon 
after a, thorough examination of the degree of closure of this 
suture and after consideration of the other criteria mentioned 
above. B. 1) in the female group also exhibited patency of this 
suture. 

Skulls B. 15 and B. lb in the male group and B. 10 and B. 11 
in the female present the merest indication of the line of fusion 
of the constituent bones. Skulls B. 17, M. G, B. 10 in the male 
group and Z. 1 and B. 12 in the female group have the synostosis 
complete. All ot her criteria substantiate the order in which the 
skulls have been arranged. 

(b) Sexing of the Skulls. 

This is an easy task in the case of those skulls which possess 
complete permanent dentition. The adult male skull is distin- 
guished from the female by the posses ion of (1) enlarged canim 
teeth, often reaching 50 mm. in length, (2) by the development 
of sagittal and occipital crests, and (3) mainly by the si/e of the 
whole skull. The average prostbion-inion diameter in the case 
of the male is well over 210 mm., and in the female this 
measurement seldom rises above 180 mm. In the case of the 
younger skulls, especially of those with milk dentition, the 
differentiation of the sexes is by no means simple. Fortunately, 
with regard to these, definite information was obtained as to the 
sex of the skulls. 

(4) (<IU>\\ nW'UANUKS IN THE SKULL. 

{< t ) General. 

(1) Groiri/t of the Shull as a uhoh\ 

Of the anthropoid skull Keith (1910) writes: “The vast 
changes which occur in the skull after birth are due mainly to 
three factors : (1) eruption of the teeth and increase of the jaws 
to accommodate the increased dentition, (2) the giowth of the 
muscles of mastication and especially of their area of origin from 
the cranium, and (3) modification of the nuchal area of the 

will he shown that in the case of the Baboon a considerable 
increase in the cranium, which takes place during the period of 
eruption of the permanent teeth, is an additional factor in the 
growth of the skull which cannot he ignored, however much it 
may he overshadowed by the other factors. 


55 * 
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Table I. (Part 1.) 
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Prosthion-inion diarn eter . 

Having arranged the skulls in order of age and according to 
sex, it is interesting to find that the prosthion-inion diameter 
increases progressively throughout the series. .Reference to 
Table T. shows that the only skulls deviating from this rule are 
B 15, B. 16, and B. 17, a degree of deviation which is normally 
to be expected in any series of skulls. 

The gradual increase in size throughout the series is due 
mainly to the forward extension of the muzzle during growth, as 
shown by the increase in the basion-prosthion diameter. There 
are, however, other growth factors which concern the increase in 
length of the skull, such as the increase in the antero-posterior 
diameter of the cranium, and the increase in area of the nuchal 
plane, which will be referred to later on. 

The average prosthion-inion diameter during milk dentition is 
124 mm. Tn the adult female it is 173 mm., an increase of 40 
per cent. In the adult male the average is 220 mm., an increase 
of 78 per cent. The increase in this diameter from the skull B. 7, 
representing a stage when the male Baboon cuts its permanent 
canines — the third molars being as yet unerupted, — to the average 
diameter for the adult male is 36 percent. From B. 8. the stage 
when the female cuts its third molars, to the average diameter 
for adult females the increase is 11*6 per cent. 

For what length of time the process of elongation of the skull 
continues it is difficult to state. FitzSimons (1919, 1924) gives 
the average longevity of Baboons as fifty years, and the end of 
growth about twenty. My results seem to show that a ceitain 
amount of growth takes place throughout life, as has been found 
to be the case in the skull of the Orang (Keith, 1896; Honntag, 
1924). 

I have, therefore, come to the following conclusions: (1) that 
Baboon skulls can be roughly aged relative to the piosthion-inion 
diameter, and (2) that the process of growth, particvdarly of the 
muzzle, proceeds for a considerable time after all the permanent 
teeth have erupted. 

(2) Proportion of Face to Cranium at various Growth- stages. 

There is nothing more striking in the growth of the skull, as 
shown in PI. I. and text-fig. 1, than the remarkable changes which 
occur in the relative proportions of the facial and the cranial 
skeletons. Text-fig. 1 shows profile and basal views, originally 
drawn on squared millimetie paper, of skulls B. 1, a skull at birth, 
B. 2 at the stage of the completed milk dentition, B. 1 1 an adult 
female, and B. 17 and B. 15, adult males. 

By counting the number of squares antero-inferior and sunero- 
posterior to the basion-nasion line which represents the basi- 
cranial axis, the proportions of face to cranium in the case of 
each skull may be estimated. This gives the ratio of the area 
of the face to that of the cranium on median sagittal sections of 
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the skulls. (The basionnasion line, of course, cuts ofT a portion 
of the middle cnuii.il fossa from the cranial part posterior ; but 
this amount is regarded as being balanced from the point of view 
of actual cranial capacity by the large amount of upward bulging 
of the orbital plates.) 


Text-figure 1. 





5 4 

IVnj.vi' ft dominos of rlit* nonna basalis and norma lateralis of Baboon skulls 
at different apes. 

1 = Skull just after birth (Ibl) ; 2 - Skull with milk dentition (lb 2) ; 3=* Adult 
female (lb 11) ; 4— Adult male (lb 17) ; o* Adult male (lb 15). 


In this manner xiiese proportions were assessed in twelve 
skulls, ami the average proportions in the case of skulls without 


the mandibles are as follows : — 

At birth Face 

Cranium : 

: 1 

3i 

During milk dentition . 

• 

. 1 

2 \ 

Adult female „ 

>» * 

: 1 

r 

Adult male „ 


: 2 

i 


When the mandibles are included, the proportions of face to 
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cranium at the different stages of growth become considerably 
altered : — 

At birth Face : Omnium : : 1 : 2£ 

During milk dentition . „ : „ : : 1 : 

Adult female „ : ,, : : l£ *• 1 

Adult male „ : „ : -5 • 1 

To emphasise these changes text-fig. 2 has been prepared by 
superimposing, by means of the epidiascope, projected profile 
views of skulls B. 1, B. 2, B. 8, and B. 19 on a common basi- 
cranial axis. All except B. 8 are male skulls. 

Text-figure 2. 



Profile view of four Baboon skulls at different apes, superimposed on a common 
Nasion-basion line, to show the gradual increase in prognathism, and the 
relative diminution of the cranium as age advances. 

1= Skull just aftei birth (B, 1) ; 2=Skul! with miik dentition (B. 2); 3= Subadult 
female (B. 8); 4=AduIt male (B.19), 

This diagram shows in a striking manner the gradual increase 
in the projection of the face and the relative diminution in the 
size of the cranium as age advances. 

16) Cranium. 

(1) Sutural Occlusion . 

It is a well-known fact that in the higher anthropoids — the 
Gorilla and Orang, for instance — occlusion of the cranial sutures 
occurs comparatively early in life, i. e., at or soon after the 
attainment of a complete set of permanent teeth. This synostosis 
is probably due more to the development of the sagittal and 
occipital crests than to anything else. The adult Gibbon skull 
has patent sutures. 

In the Baboon the condition of the sutures is midway between 
that of the Gibbon and that of the higher anthropoids. The 
adult female Baboon corresponds with the adult Gibbon in that 
in her case sagittal and occipital crests are never developed. The 
sutures in the female Baboon remain patent throughout life, for 
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in no female skull examined were the sagittal, lambdoidal, or 
coronal sutures obliterated. 

In the male the sutures remain open, without doubt, as late as 
the completion of the permanent dentition. In all the mature 
nude skulls examined the coronal suture is patent. The sagittal 
suture is evident in some, in others it is occluded by the 
development of the sagittal crest. The bregma can always be 
accurately defined. The lambdoid suture is very indistinct in all 
adult male skulls. In some skulls, it and the lambda have 
become obliterated by the development of the occipital crest and 
external occipital protuberance. The more usual condition, 
however, appear* to be one in which the lambdoid suture is 
situated about 5 mm. above the occipital crest, while the lambda is 
found in the posterior part of the sagittal crest. The asterion, in 
both male and female adult skulls, is situated on 1 .he ridge formed 
by the union of the posterior root of the zygoma and the occipital 
crest. In younger skulls it is found on the point of union of the 
postenoi mot of the zygoma and the supreme nuchal line. This 
is noteworthy, for it implies that the asterion can he regarded as 
a relatively stationary point during the growth of the skull. As 
such it is of value in marking out the sub cerebral plane on a. 
projected view of a skull (Keith, H>25). 

The metopic suture is quite patent in B. 1. No indication of 
it was seen m any other skull (see p. 84 t). 

(2) Cephalic Index, 

Measurements show that the Baboon skull during youth 
border* on the hrachycephahc type, hut with increasing age, 
both in male ami female, it tends to become dolichocephalic. In 
taking the cranial measurements the external muscular crests 
were included. Hartmann and Virchow ^ 1 885) record the same 
occurrence* in the (lot ilia. The inion in young skulls lies well 
below the lambda, but in older skulls the inion ascends, until in 
the mature male both points are close together. In the mature 
female the lambda is always situated about 10 mm. above the 
external occipital piotuberanoe. 

The greatest transverse diameter is found in younger skulls 
{milk dent it ion) on the parietal hone or parieto-squainous sutme. 
In both sexes, as the skull grows, the greatest transverse diameter 
descends, and soon it is found on the junction of the squamous 
temporal with the posterior root of the zygoma. 

(3) Supraorbital Ridges. 

The supraorbital ridges are never completely joined across the 
nose as they are in the Gorilla, and are relatively small. They 
attain their greatest development in the male, and their main 
growth appears to take place after all the teeth have erupted. 

(4) Temporal Lines. 

At birth (B. 1) the squamous temporal barely forms one- 
quarter of the lateral wall of the cranium above the root of the 
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zygoma. As the skull ages, this amount increases until it forms 
at least a third. This is due to the slight amount of growth 
which occurs in the parietal bones after milk dentition. This 
will be referred to later. 

At birth and in very young skulls the temporal lines are 
situated almost 10 mm. above the inferior border of the parietal 
hone. During milk dentition they are found from 15 to ‘JO mm. 
above the same level. In the adult female the temporal lines 
never come nearer the mid-line than 10 mm. The final condition 
of the temporal lines in the adult male corresponds closely in 
appearance to the condition found in the adult female Gorilla, 
The temporal lines of each side meet each other posteriorly in the 
region of the external occipital protuberance. Posterolateral ly, 
they fuse with the supreme nuchal line to form the occipital 
crests. In the median plane posteriorly they fuse with each other 
and the occipital crest to form a very prominent external occipital 
protuberance. In better- developed skulls a sagittal crest is 
formed by the fusion of the two temporal lines in the mid-line 
above. This crest rnny extend forward to within 1 cm. from the 
bregma , and it may attain a height posteriorly of almost 10 nun. 

(5) Temporal Fossce. 

The depth of the temporal fossa* is measured by the difference 
between the maximum bi zygomatic width and a minimum 
diameter of the cranium taken on the floor of the temporal fossa. 
This latter measurement was taken on the frontal-alisphcnoid 
articulation in the temporal fossa (Table 1. col. 6). There is 
practically no increase in this latter dimension of the skull after 
milk dentition, little more than 1 mm. separating the width in 
the skulls of milk dentition, adult females, and adult males. On 
the other hand, the bi zygomatic width at birth (B. 1 ) is 54 mm. 
During milk dentition the average width is 76 mm., an increase 
during the first period of growth of 41 per cent. In the adult 
female the average width is 100 mm., an increase of 33 per cent, 
relative to the width during milk dentition. In the adult male 
the average width is 120 mm., an increase of 58 per cent. 

At birth the depth of the fossa as defined above is 9 mm. 
During milk dentition it is 25 mm., in the adult female 47 min.* 
and in the adult male the depth is 65 inm. 

(6) Occipital Plane and Nuchal Plane. 

The occipital crests assume their final positions much sooner 
than do the temporal, which appear to meet each other posteriorly 
only after the eruption of all the permanent teeth. At the 
commencement of jnilk dentition the planum nuchale and planum 
ocoipitale are about equal in size. On the attainment of complete 
milk dentition the latter is about one-third the size of the planum 
nuchale. In both sexes before the attainment of a complete 
permanent dentition— soon after the canines are erupted — the 
occipital crests have almost reached their highest point (B. 7 and 
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B. 8). In the female no further change occurs after this stage; 
but in the male the tern porn 1 crests extend upwards and 
posteriorly, and, as described above, fuse with the occipital 
crests posteriorly and with each other in the median line above. 

The modification in the planum nuchaie is due to factors 
similar to those which operate in the Gorilla and other anthro- 
poids ( Keith, 1 010) : viz., an increased area for firmer muscular 
attachment of the .skull to the trunk is required, and this allows 
for better use of the enlarged jaws. During milk dentition the 
height of the planum nuchaie is 25 mm., measured from the 
opisthion to its superior border, in the adult female it is 33 nun., 
and in the adult male 43 nun. The increase in height of the 
nuchal area relative to the condition during milk dentition is to 
the extent of 33 per cent, in the female and 75 per cent, in the 
male. The increase in width of the nuchal area will he discussed 
in connection with the bi-mastoid breadth in the next section. 

(7) Increase in (he Breadth of the Base of the (Skull . 

This can be observed from the increase in the bi-condy la r width 
of the mandible in Table I. 

At birth (B. 1) the breadth of the base of the skull mensmes 
40 mm. During milk dentition it is 71 mm., an increase of 
54 percent. The average in the adult female is bO mm., the 
percentage increase relative to the width during milk dentition 
being 27. In the adult male the a vei age bi-condylar width is 
bb mm., and the increase 40 per cent., due. of course, to the 
greater development of the masticatory function. 

The increase in the bi-mastoid width demonstrates both the 
growth at the base of the skull and also the increase in breadth 
of the nuchal area. In a sense it shows the increase in the width 
of the base of the bin in -box far better than does the bi-condylar 
measurement. For, as the skull advances in age, the glenoid 
cavity comes to lie relatively more lateral to the margin of the 
cranium proper than it does in younger skulls. This is due to 
the bowing-out of the zygomatic arch, which also accounts for the 
increase in depth of the temporal fossa. The root of the 
zygomatic a u*li joins the base of the cranium as a broad thick 
plate, flattened from above downwards. In adult skulls, on the 
inferior aspect of the root, quite two-thirds of the area of the 
glenoid fossa will he found lateral to the cranium proper, while 
in skulls of milk dentition not one-third occupies this position. 

The hi- mastoid width w 7 as taken on the widest part of the 
mastoid jiortion of the temporals directly posterior to the external 
acoustic meatus. The position of this point corresponds to that of 
the mastoid process in the higher anthropoids. In the Baboon, 
however, the true mastoid processes lie directly below the 
tympanic hone, directed downwards and forwards. At birth 
the bi-mastoid width is 51 mm. (B. 1). During milk dentition 
the average is 76 mm., an increase of 50 per cent. In the adult 
female the average is 82 mm., an increase of but 8 per cent. 
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relative to the width during milk dentition. In the adult male 
the average width is 95 mm., an increase of 25 per cent. 

The points used in taking this bi- mastoid width are more 
prominent in the male, a fact correlated with its stronger 
musculature. Their prominence is chiefly due to the subjacent 
mastoid air-cells. Air-cells have the effect of decreasing the 
weight of the bone, and are more developed throughout the skull 
of the adult male, with its prominent crests and ridges, than 
they are in the female or the growing skull. No large air-sinuses 
are to he found anywhere in the Baboon skull ; for example, 
there is no frontal sinus and no maxillary sinus. 

{8) Growth-changes in the Shape of the Occipital Condyles. 

In skulls of milk dentition the condyles are more or less flat, 
and are directed chiefly downwards. The poise of the head on 
the vertebral column alters during the eruption of the permanent 
teeth and with the increase in size of the masticatory apparatus. 
The alteration is due to the pushing forwards of the face relative 
to the condyles to allow for the free play of the enlarged 
mandible. In accordance, then, with the firmer poise of the 
head, it is not surprising to find that the articular surfaces of the 
condyles are directed laterally as the skull ages, and, further, that 
the condyles become bent on themselves, presenting a large 
an tero- lateral surface, and a smaller surface which is directed 
more or less posteriorly. All these features assist in the firmer 
support of the skull. 

(c) Face* 

(1) Growth-changes in the Basi-crcmial Jans. 

(a) General. 

The growth of the Baboon skull conforms to the general rules 
which govern the growth* changes in the basi-cranial axis, in the 
plane of the foramen magnum, and in the spheno-ethmoidal 
angle of Mammals. More especially does it agree with the 
higher anthropoids in this respect. It must be borne in mind, 
however, that no increase in the endo- cranial cavity is stated to 
occur after the period of milk dentition in the higher anthropoids 
{Keith, Bolk, etc.). Such an increase will be shown, on the 
other hand, to occur in the case of the Baboon. This fact, 
therefore, modifies the usual description (Keith and others) of 
the process of growth in the basi-cranial axis in the Gorilla and 
the rest of the anthropoids. 

Briefly summarised, the growth-changes in the basi-cranial 
axis of the Gorilla are as follows (Keith, 1910; Duckworth, 
191 5) : — (1) After birth and until the brain-case ceases to enlarge, 
the tendency is for the anterior limb of the basi-cranial axis — 
the plane of the cribriform plate — to be depressed. The spheno- 
ethmoidal angle (angle between prosphenion-nasion and pro- 
sphenion-hasion lines) thus decreases in size. (2) Growth of 
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the brain in the posterior aspect of the skull opens out the 
foramino-basal angle (angle between the basion-opisthion and 
basion-prosphemon lines). (II) The process of “ correction,” by 
which the plane of the foramen magnum is altered and the 
foramino-basal angle becomes smaller, sets in with the eruption 
of the permanent teeth and the growth of the masticatory 
muscles. This “correction” is due to (a) the growth of the 
basilar plate pushing the face forwards relative to the occipital 
condyles (or the condyles backwards relative to the face), and to 
{b) the. displacement of the opisthion as a result of the extension 
and upward growth of the nuchal area. 

As far as the Baboon is concerned, the gorilloid process of 
backward migration of the occipital condyles and consequent 
decrease in the foramino-basal angle during the process of 
“collection” takes place. In Table l., col. *20, is given the 
length in each skull of the basilar plate measured ftom the 
bnsion to the most posterior point of articulation of the vomer 
with the basi-sphenoid. At birth (B. 1) the length of the basilar 
plate is 17 nun., while during milk dentition the average length 
is 20*5 min., an increase of 20 per cent, during the period of 
eruption of the milk teeth. The average length in adult females 
is 2H mm., an increase of 07 per cent, relative to the length 
during the milk dentition. In the adult male the average is 
30 mm., an increase of <>1 per cent. 

Further investigation m connection with these changes was 
made on nine skulls bisected in the median sagittal plane. The 
following table contains the information gamed fiom those 
sect ions : -- 

Table 11. 



H. 1. 

i; x 

n. i is r 

B. s. 

H lo. 
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B 13. B. 17 
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to baii-cranial axis) j 

J :jv> 

i;u 

H2*5 119 

113 5 

114 

125-' 

no . tor 

- 

Inclination of plane ) 
of f oramen mmrmun >i 
to Frankfort plane. J 

ir 

15' 

11 , 27 

27*5' 

31° 

25 " 

so' :ir 

- 

Sphono - ethmoidal ") ' 
1 angle, measured to y ' 
nation. J j 

i«r>° 

1 50° 

, ! 

157*5° 146° 

150° 

U do" 

157 J 

153’ 15; J 

■ - 

j Rplieno * ethmoidal 
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frontal point. J 

176° 

150° lo 7 -ri° 156° 

■ 1 

1 1 

155° 

168*5° 

107° 

162*5°, 108 J 

i 

— 

ftphono - maxillary 7 
angle. ) 

i 97*5° 

i 

1 

90° 

92 - 6° 96-5° 

88° 

i 

92° 

90 n 

85 n S3 

1 

Prosphenion-hasion 7 
length (mm.). ) ‘ 

f 31 

1 42 

1 

41 52 

46*5 

60 ! 

i 1 

; 62 

60*6 | 61 

! <U 



850 


MR. S. ZUUKERMAN I GROWTH-CHANGES 


The gradual decrease in the size of the forainino-basal angle as 
the skull ages is well shown in Table II. as well as the varying 

Text-figure 3* 


K, 



The basicranial axis, spheno-maxillary. spheno-ethmoidal, and foramino-basal angles 
at different stages of growth. The varying angle of inclination of the plane 
of the foramen magnum, B-O t to the Frankfort Horizontal is shown. 

Basion ; 0«Opisthion; N=Nasion; P*»Prosphemon ; A =Prostliion. 
Undivided hue* B.l (birth) ; Punctuated lme==Milk Dentition. Dash, 
double dot line* R. 7 Stage during eruption of permanent teeth. Dotted 
line* Adult female. Dash-dot line = Adult male. 


Text-figure 4. 



Chauges in the Forami no-basal (F.U.), spheno-maxillary (S.M.), sphouo-etbinoidal 
(S.E.) angles during growth. A common prosphenion-basion line is employed. 
P«rProsphenion ; N«Nasion; B=*Basion ; 0«*Opiathion ; A «Prosthion ; 1* 
Skull at birth; 2«*Milk dentition; 3«*B. 7 (as in text-fig. S); 4= Adult 
female j 6* Adult male. 



IN THE SKULL OF THE BABOON. 


857 


inclination of the plane of the foramen magnum to the Frankfort 
Horizontal. Text-figs. 3 and 4 have been prepared to demon- 
strate these two points. 

A note on the measuring of the cranial and facial angles in the 
Baboon is here called for. The methods followed in obtaining 
the values of these angles arc those indicated in Duckworth’s 
* Morphology and Anthropology ’ (1904) ; but, owing to the fact 
that these values do not quite agree with the usual ones attributed 
to the Baboon, it seems desirable to give the details of the pro- 
cedure followed. 

Such points as the nasion, opisthion, basion, and prostlnon 
obviously need not be discussed, but the prosphenion, owing 
to a peculiar pattern of the bones in the anterior cranial 
fossa in the Baboon, requires special mention. The prosphenion 
was taken as that point in the* anterior cranial fossa where the 
presphenoid bone articulates with the frontal bone in the mid-line. 
There is in the Baboon a conformation of the bones in the 
anterior cranial fossa similar to the conformation found in the 
African Simiidie, the Chimpanzee and Gorilla. That is to say, 
in the Baboon the presphenoid is separated from the ethmoid by 
4t flange-l ike ’* processes of the frontal, the ethmoid being much 
reduced in size. The same point is used as the prosphenion in the 
Gorilla and Chimpanzee, and it is from this point that bending of 
tin* anterior limb of the ba si-cranial f*xis occurs. 

in detailing the procedure for obtaining the spheno-ethmoidnl 
angle, Duckworth mentions the fact that in human skulls the 
foramen ciccum is a much more truthful point to use in repre- 
senting the bending of the anterior limb of the basi-cranial axis 
than the nasion. The latter is, however, the more standardised 
point for the anterior limit of the anterior limb. 

On the Balioon skull the nasion does not correspond in all cases 
to the anterior limit of the anterior limb of the basi-cranial axis. 
A more useful point for this purpo.se is one which may he called the 
u Frontal Point.” This point is the anterior limit of the brim of 
the small pit found in the anterior part of the floor of the 
anterior cranial fossa. The ethmoid is suppressed to such an 
extent in the Baboon that the cribriform plate barely exists. 
Text-fig, 5 demonstrates the axis and the points used. Tt is an 
actual tracing of the median sagittal section of skull B. 8. 
PI. I. also shows four such skulls, with the various points 
indicated (B. 4, B. 3, B. 11, and B. 17). 

The angles were measured on tracings of the various skulls 
(cf. text-fig. 5), and they were verified on the actual sagittal 
sections themselves. In this way no loophole was left for error, 
and yet the values of the angles obtained by these methods do 
not coi respond to the values generally assigned to Ccrcopifchecidie. 
For instance, the average value of the foramino-basal angle for 
adult Baboons is 114°, which is not far removed from 120°, 
quoted by Duckworth for the Simiidie. Further, the spheno- 
ethmoidal angle measured at the nasion has a value in adult 
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Baboon skulls of 157°, nnd measured at the “frontal poi.it n 
(Table 11,) it is 166°. This amount of depression of the%nterior 
base is said by Duckworth to occur in the Gorilla and Chimpanzee. 


Toxt-figut e 5. 


Tracing of sagittal section of sl>ul) I?. 8. The imaion (N) has been moved down* 
wards slightly to emphasise the line P.K.-F.P. (Prosplieniou to “Fiontal 
Point ”). 

Basion ; 0 -Opisthion ; P=Prosthion. Stippled area= Frontal ; Crossed area ~ 
Ethmoid; Bln ck area «* Vomer ; Lined area— Occipital. 

Yet the value of the spheno- ethmoidal angle in the Baboon is 
generally assumed to be midway between the values in the 
anthropoids and those of the Dog, for which latter Duckworth 
gives 231°. 

(b) Growth-changes in the Foramino-basal Angle . 

It has been mentioned already that the changes in the size of 
this angle during growth are of the sanje nature as those in the 
skulls of higher anthropoids. There is no evidence, however, in 
the present material of a preliminary opening-out of the foramino- 
basal angle during brain-growth (see text-figs. 3 and 4). 

The fora mino- basal angle gradually decreases in size, the most 
rapid change taking place, as indicated in Table II., during the 
period of eruption of the permanent teeth (B. 4, B. 7, and B. 8.). 

The angle of inclination of the plane of the foramen magnum, 
or posterior base, to the posterior arm of the Frankfort 
Horizontal gradually increases with age (see text-fig. 3). 

(c) Growth-changes in the Spheno-ethmoidal Angle . 

This angle varies very greatly in the senes studied. At birth 
the angle is greatest, i. e., the anterior base is least depressed 
(B. 1, 175°). During milk dentition it is at its lowest value 
(B. 3, 150°), and thereafter it increases again until it assumes 
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the value of 166° in adult skulls This latter change is due to 
the various changes in the hasi-cranial axis and spheuo-maxillary 
angle which will he referred to now. 

(2) Spheno - max il ! ary Angle an l Prognathism . 

(a) General . 

In the case of this angle most unexpected results were obtained. 
The average value of this angle in all the skulls bisected was 
90° 30', the average value for adult males in this group being 
84°. These figures form a striking contrast to the values of this 
angle given by Duckworth (1904) in the following table: — 

Cercopithecus Monkey, 119°. 

Simin, 146°. 

Gorilla, 125°. 

Chimpanzee, 121°. 

Aboriginals of Australia, 92^ 20'. 

Europeans, 75° 30'. 

It is not stated whether the Cercopithecus Monkey was a 
Baboon or not. The value of the sphenomaxillary angle measured 
from a Baboon skull figured in Duckworth’s * Morphology and 
Anthropology ’ is in the region of 105°, so that even this figure, 
although 10° or so above the figure 1 have given, is less than the 
value for the Chimpanzee. 

The point to be noticed is that the value which I have secured 
for the spheno maxillary angle in the Baboon falls far below the 
values in the Simiidie, and even below the values for Australian 
aboriginals. I have been unable to find any other record of the 
value of this angle for the Baboon skull. References made to it, 
as can be seen from the quotations from Huxley and Gregory 
given below, imply that it is much greater than in any other 
primate skull. 

The value of the spheno-maxillary angle lies in the fact that it 
represents a measure of the inclination of the facial axis to the 
basi-cranial axis. The diverse views which exist as to the 
amount of this inclination in the Gorilla and Baboon are 
exemplified by the following two passages. 

Huxley (1863) wrote as follows:— “The difference between a 
Gorilla and a Baboon is eveu greater than appears at first sight ; 
for the great facial mass of the former is largely due to a down- 
ward development of the jaws, an essentially human character, 
superadded upon that almost purely forward, essentially brutal 
development of the same part which characterises the Baboon.” 

Gregory (1922) explained the form of the Gorilla skull in this 
manner : — “ The head is lengthened by the forward growth of the 
muzzle and by the extreme backward growth of the skulbtop. 
Thus the Gorilla skull, to a certain extent, parallels that of the 
Baboons.” 

There does not appear, therefore, judging from these state* 
ments, to be any certain knowledge of facial growth either in the 
Paoc. Zool. Soc. — 1926, No. LVI. 56 
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Baboon or Gorilla. The idea common to both statements, 
however, is that the face of the Baboon is an essentially forward 
development. 

On the other hand, I have shown that the inclination of the 
facial axis to the basi-cranial axis in the Baboon is definitely less 
than in the anthropoids, and in the case of adult males is within 
the range of values given for the human skull. 

Now, the Baboon is the most prognathous of the primates. 
In the face of the results which 1 have obtained it is extremely 
doubtful whether the spheno-maxillary angle can be considered 
as a measure of prognathism, and still less as “the most 
important angular measurement by which prognathism can be 
represented ” (Duckworth, 1904). It merely represents the 
inclination of the facial to the basi-cranial axis. 

If it were the only criterion of prognathism, then the Baboon 
would be definitely less prognathous than the higher Simiidae — a 
conclusion which would be absurd. 

(b) A g e-chany e 8 in the Spheno-maxillary Angle . 

Reference to Table II. shows that at birth (B. 1) it is greatest — 
97° 30'. During milk dentition and the period of eruption of the 
permanent teeth it ranges between this value and 90°. The 
average value for adult females is 91° (B. 10 and B. 11), and for 
adult males it is 84° (B. 13 and B. 17). Verification tests made 
on projected profile views of other Baboon skulls not included in 
the table, in which the position of the prosphenion was calculated, 
demonstrated the same decrease in this angle during growth. 

It is clear from the above that in the Baboon the spheno- 
maxillary angle does not increase in size, but rather decreases 
{see text-figs. 3 and 4) as the skull ages and becomes more 
prognathous, a fact which is at variance with the generally- 
accepted beliefs, not only in regard to the Baboon skull, but in 
regard to any series of skulls. 

These peculiar changes in the spherio-maxillary angle during 
growth are probably due to the poise of the head. Duckworth, 
quoting Huxley, writes as follows “ The so-called facial angle, 
in fact, does not simply express the development of the jaws in 
relation to the face, but is the product of two factors, a facial 
and a cranial which vary independently. The face remaining 
the same, prognathism may be indefinitely increased or 
diminished, by the rotation of the frontal end of the skull 
backwards or forwards upon the anterior end of the basi-cranial 
axis ” This statement may be extended, for the reverse follows 
as well : viz., the qranial portion remaining the same* the angle 
varies according to the rotation of the facial. This is what 
actually happens in the Baboon. The facial part grows definitely 
downwards and “ not almost purely forward,” as Huxley put it. 
Or, in other words, a rotation of the facial axis on the basi- 
cranial occurs in a downward direction. 
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Professor Drennau has suggested that the term “ subgnathism ” 
should be applied to this downward displacement of the prosthion, 
and the term prognathism ” should be reserved for the forward 
displacement. Tins would analyse the growth of the face into 
downward and forward components. 

The downward growth of the face can be well seen in 
text-fig. 6, where skulls B. 3 and B. 17 (milk dentition and adult 


Text-figure 6. 



Milk dentition &kull (B. 3) and Adult male (B. 17) on the Frankfort plane. The 
basicranial axes and spheno-maxillary angles are figured. 
P.S.=*Prosphenion ; tf-Naeion; F.P.-“ Frontal Point”; B~Basion; 
()=*Opisthion ; P«= Prosthion. 

male stages respectively) are oriented on the Frankfort Horizontal. 
The angles in relation to the basi-cranial axis are all indicated, 
the points having been accurately placed by means of the sagittal 
sections. Whatever objections to the Frankfort Horizontal 
there may be when applied to the skull as a whole (Keith, 1910, 
1925), in respect of the rotation of the facial part of the skulls it 
affords a valuable method of orientation. The poise of the 
Baboon skull on this plane, too, is virtually the same as the poise 

56 * 
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of the head in the living animal, where the long axis of the 
skull is definitely directed forwards and downwards, when the 
animal is in motion, similar to the condition met with in most 
quadrupeds. 

Besides this downward growth or rotation of the prosphenion- 
pro&thion line — as opposed to the forward growth assumed by 
Iluxley and Gregory — another factor also assists in decreasing 
the size of the spheno-rnax illary angle during growth. This 
factor is the growth which occurs in the middle base of the basi- 
cranial axis, by which means the prosphenion is pushed forward 
relative, not only to the basion, but relative also to the facial 
part of the skull. This second factor can be shown by the length 
ef the middle base-^the prosphenion-hasion distance — given in 
Table II. at the various growth -stages. For, in the process of 
“ correction,” already mentioned, the face is pushed forward 
relative to the condyles. Therefore, taking the basion as a 
relatively fixed point, the varying distance of the prosphenion 
from it represents the growth which occurs in the middle base. 

Briefly summarised, the following points are to be noted, 
therefore, in connection with the spheno-maxillary angle in the 
Baboon : — 

(1) The spheno-maxillnry angle has no value as a criterion of 
prognathism. It does indicate the degree of downward rotation 
of the face on the basi-cranial axis (“ subgnathism ”). 

(2) This angle does not increase, but, if anything, decreases in 
size during growth and with the increase in prognathism, 

(c) Alveolar Index, 

With the alveolar index — Flower's Gnathic index — the results 
as a test of prognathism are more satisfactory. In B. 1 at birth 
the index is 113. During milk dentition it is 116. In B 7, a 
stage in the eruption of the permanent teeth in males, just, 
before the appearance of the canines, it is 144. In B. 8, a female 
without third molars, it is 144. In the adult female it is 1.55*7 
and in the adult male 171. 

The figures given by Duckworth for this index are as follows : — 
Gorilla, 139*7. 

Orang, 1553. 

Chimpanzee, 128*8. 

Natives of Australia, 98-108. 

This index, then, gives a very fair idea of the actual growth in 
pi’ognathism in the Baboon skull, and emphasises the fact that 
the Baboon is more prognathous than any of the Bimiidie. It 
also demonstrates the fact that the adult male is more pro- 
gnathous than the adult female skull, which in turn is more so 
than the skull of milk dentition ; and it definitely shows that 
the skull at birth is least prognathous. 

The alveolar index, however, does not take any cognisance of 
the size of the spheno-maxillary angle, or the amount of inclination 
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of the facial axis to the basi -cranial. The results of these 
two criteria — viz., spheno-maxillary angle and alveolar index 
taken together— emphasises the fact that a downward rotation of 
the facial axis upon the hasi-cranial axis occurs in the Baboon 
skull with the increase of prognathism which accompanies 
increasing age. 

The values of these two criteria in the case of such skulls as 
B. 3 (milk dentition) and B. 17 (adult male) placed side by side 
afford an interesting contrast. 

Spheno-nmillury single. Alveolar imlox. 

B. 3 90° 115 

B. 17 S3 0 ]72 


(d) Facial 'Triangles. 

The value of the alveolar index .is a criterion of prognathism 
is lessened, owing to the fact that it does not take into con- 
sideration the true shape of the facial triangle — the triangle 
enclosed by the hasion-nasion, nasion-prosthion, and busion- 
prosthion lines. If a proper conception of the growth of the 
face and the increase in prognathism is to be aimed at, then the 
values of these dimensions must be considered in relation to one 
another. This can be effected by expressing the nasion-prosthion 
and prosthion-basion as percentages o f the nasion-basion diameter, 
as in the following table : — 


Table III, 


At birth (1) 

Milk dentition (average 1 
of 2). ' I 

Adult, female (average 1 
of 5). J 

Adult male (average of | 
13). ) 


Prostluoii. 

Nasion. 

Basmn- 

miMon. 

liaiion. 

}>l *»stlllOl)( 

08*8 : 

100 

: 113 

84-3 : 

100 

: 116 

127 : 

100 

: 1 56 

15P-5 : 

100 

: 171 


Diagraunnatically also, their relationships t(> one another can 
he demonstrated as in text-fig. 7, where the facial triangles at 
various stages of growth are superimposed on a common nasion- 
basion line. In preparing Table III. and text-tig. 7 the data from 
skull B. 1 alone were u^ed for the “ At birth ” stage. Data from 
skulls B. 2 and B. 3 were used for the milk dentition stage, and 
the data from five adult female skulls and thirteen adult males in 
Table I. for the adult female and adult male stages respectively. 

Analysing text-fig. 7 according to Professor Brennan's sug- 
gestions on the interpretation of prognathism, it is seen that a 
gradual increase in “prognathism” occurs in the four stages, as 
evidenced by the forward increase of the line BP, The skull 
at birth and the adult female are revealed as being less 
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“ subgnathous 99 than the skulls of milk dentition and adult male 
respectively. 

Summarising the question of prognathism, we find that the 
study of this problem in the Baboon demonstrates how difficult 
it is to express it by means of any single index or angle. 
The spheno-maxillnry angle has been shown to be a worthless 
criterion of prognathism. It merely indicates the rotation 
of the facial axis on the busi-cranial axis. The alveolar 


Text- figure 7. 



Facial triangles at different stages of growth superimposed on a common 
nasion-basion line. 

N =» Nasion ; II ** Hasion ; P **■ Prosthion. 


index, in spite of the fact that it expresses the true degree of 
prognathism at the various stages of growth of the Baboon skull, 
nevertheless has the shortcoming that it fails to take into 
consideration the inclination of the facial axis to the basi-cranial 
axis. Finally, an attempt has been made to demonstrate the true 
nature of prognathism in the Baboon skull at various growth- 
stage# by means of the facial triangle. 

(3) Growth of Muzzle and Palate . 

With the eruption of the permanent teeth, especially of the 
canines, the muzzle, as indicated above in connection with the 
question of prognathism, elongates considerably. 

The following columns in Table I. demonstrate this growth : — 
Inion-prosthiou ( ] % basion -prosthion (10), nnsion-piosthion (12), 
and nasion-menton (11) lengths, and the orbito-alveolar height 
(18). The alveolar index, too, is a measure of the elongation of 
the snout, as are also the proportions of face to cranium at 
different stages of growth given previously* 

With respect to the orbito-alveolar height, it may be mentioned 
that in young skulls the alveolar border lies perpendicularly 
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below the orbit and extends posteriorly under cover of the 
zygomatic arch. As the skull ages and becomes more prognathous, 
the alveolar border is pushed far forwards, particularly the part 
bearing the teeth, until it lies well in front of the plane of the 
orbit. (See Plate I. and text-fig. 1.) 

(4) Nasal Height. 

In young skulls the floor of the nasal fossa extends downwards 
almost to the prosthion. As the skull ages, the level of the floor 
rises, until in adult skulls it is situated fully 10 mm. al>ove the 
level of the prosthion. The nasal bones are fused to each other, 
either before or immediately after birth. In skull B. 1 they are 
fused. 

(5) Palatal Area. 

This area was calculated from projected drawings on to squared 
millimetre paper of the area enclosed laterally by the outer 
borders of the teeth and more posteriorly by the Ll tuberosities ot 
the maxillae,” and exlending backwards as far as the posterior 
borders of the horizontal plates of the palatines (as in text-fig. 1) 
(Keith, 1899). 

For the various stages of growth the areas are as follows: — 

At birth (B. 1), 7*3 cm/ 

Milk dentition (B. 2), 15*3 cm/ 

Early stage in eruption of permanent teeth (B. 4), 
20*2 cm.* 

Canines just erupting (B. 7), 30 cm/ 

Stage when third molars are missing (B. 8), 29 cm/ 

Adult female, 32*8 cm/ 

Adult male, 53 cm/ 

(6) Alveolar Dimensions . 

At birth (B. 1) the upper alveolar breadth is equal to the length 
(28 mm. -28 mm.). During milk dentition the length is some 
5 mm. more than the breadth (39 mm. -45 mm.). In the adult 
female the breadth is 60 per cent, of the length (average values 
are: breadth 48 mm., length 79*5 mm.). In the adult male the 
breadth is 54 per cent, ot the length (breadth 55 mm., length 
102 mm.). 

The palatal proportions are somewhat different. 

Table IV. 

Breadth. Length, j Paluto-niaxillarj index, j 
23 nun. 

39 mm. 

70’6 nun. 

95*4 nun. 


09 6 

54 

36*25 

32 


At birth (lb 1) . . . 10 mm. 

During milk deutition 
(h verage of two) ' 21 mm. 

Adult female (average of 
live) j 25*6 mm. 

Adult male (average ot 
thirteen) 30*8 nun. 
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(d) Endocranial Cavity. 

From a study of the cranium and endocranial casts a know- 
ledge of brain-growth may be derived. On this account, there- 
fore, possibly no part of the skull is more deserving of notice in 
the study of growth than the brain-box. 

It has been found necessary to introduce the question of 
Baboon brain-growth by a brief note on anthropoid brain- 
growth. ]n the first place most of the work in this field has 
been done on the anthropoids, and in the second, the growth- 
changes which occur in the Baboon brain-box are in the main of 
the same nature and due to the same causes as in the higher 
anthropoids. 

The main conclusions on anthropoid brain-growth may be 
summarised as follows : — 

Keith (1910) writes as follows: — “ The age-changes in the 
anthropoid skull have little or nothing to do with the brain- 
growth, for by the end of the first year, if not earlier, their 
brains cease to grow.” Virchow (quoted by JVIacnanmra, 1902) 
states that the Apes brain reaches perfection hefoie the shedding 
of the teeth, and ceases to grow at this stage. Duckworth (1915) 
similarly writes “ That nothing is more impressive in the Gorilla 
than the small amount of brain-growth after infancy.” Topinard, 
(1867), however, lecords an increase of 22 percent of the cranial 
capacity in the Orang between the period of the eruption of the 
permanent teeth and maturity. 

Keith (1910) further states that the cranial capacity in large 
anthropoids actually decreases with age, and the decrease affects 
the vertical diameter of the skull, measured from the upper 
surface of the presphenoid to the internal bregma. This state- 
ment is qualified by Duckworth (1915), who writes that “even if 
actual diminution of the vaulting is demonstrable, the arrest or 
diminution is not absolute . . . and compensation takes place by 
way of an increase in transverse width.” 

A more detailed consideration of the .growth of the anthropoid 
brain is beyond the scope of this paper, but observations which I 
have made on four skulls of young Chimpanzees and Gorillas 
seem to indicate that there cannot be, as Keitli maintains, an 
abrupt cessation of brain-growth on the attainment of a complete 
milk dentition. 

Those young anthropoid skulls are all at stages during or just 
subsequent to the period of milk dentition. Three have cranial 
capacities, measured from endocranial casts, well below the lowest 
value recorded in the adult female of their group. This indicates 
that a certain amount of brain-growth must occur after the stage 
of milk dentition i& the anthropoids. The Baboon skull certainly 
shows that bmin -growth takes place after the period of the 
deciduous dentition. 

It appears, therefore, in view of the above evidence and of my 
findings in the Bnhoon. that the question of anthropoid brain- 
growth requires re-investigation. 
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Growth of Endo cranial cavity in the Baboon . 

In addition to the usual cranial dimensions in Table I. and the 
cranial capacity of each skull measured by shot, end acranial casts 
were made, for the purpose of this study, of the skulls enumerated 
in the table below. The brains of skulls B. 1, B.8. and B. 17, 
which had been in formalin for some months, were also available. 
Details of the casts and brains are given in the following tables : — 

Table V. 


1 

B.l. 

B.3. B.4. 

B. 7. 

11. 8. ilt 

. 10.1B. 11. B. 13. B. 14. B. 17| 

! Oan ini capacity 3 
j by shot. j 

i 

105 175 

It2 

103 l m 

j | 

175 

i 

187 

203 225 

V olume of endo- ] 
cranial casts. J 

*108 

183 190 

1 

101 

173 ;183 

! 

192 

200 

210 240 

Max. ant. post. ] 

! diam. of casts. j 

i 

i 

1 70 

05 94 

93 

90 ! 90 

i i 

: 

, 91*5 

: 

97 

00 100 

Max. tran$. diam ... 

r>9 

74 | 70 

j 

74 

73 j 73 c 

| 75-5 

74*5 

78 ' 79*5 

Height of cerebrum 3 

I above subcer plane j 

34 

3flo ' 37 

1 

35\5 

35-5 1 36 

| 

| 38 


36 5 38 

j 

, Basion int. bregma') 
1 diameter. ) 

47 

58 j 80 

Go 

01 84 

04 

60 

07 72*5 

\ Height of easts "3 
, from lower surface > 
1 of temporal lobes. J 

- 1 46 

55*6, 56*5 

59 

1 

55 58 

i 

1 

, 00 

57 

I 

i 

68 ' 03 

1 



Table VI. — 

Brains 

• 







Volume. 


Weight. 


B. 1 . . 



7 s c.c. 


73 grams. 


lb 8 . 



110 c.c. 


118 

>y 


B. 17 .. 


, 

180 c.c. 


389 

*9 



It will be noticed that in tach case the cranial capacity as 
measured by shot is less than the volume of the emlooranial cast 
of the same skull, the average difference being 13 c.c. It is 
probable that the volume by shot is slightly too little and the 
volumes by the casts are slightly too large. A mean between the 
two will give the skull capacity fairly accurately, and to bring 
the cranial capacities of those skulls in Table I., estimated only 
by shot, into line with the others, 6’5 c.c. has been added to each. 
The relative values of the capacities are not thereby altered. 

The data denote a definite increase in cranial capacity, and 
therefore in the size of the brain, after milk dentition, especially 
in the case of male skulls. 

Soon after birth (B. 1) the cranial capacity is 108 c.c. During 
milk dentition, 170 c.c. (average of B. 2 and B.3), an increase of 
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67 per cent. During the period of eruption of the permanent 
teeth in the female (B. 6 and B. 8) the capacity is 170*5 c.c. In 
the adult female the capacity is 176*9 c.c. (average of five), an 
increase of but 4 per cent, in terms of the capacity during milk 
dentition. The same two stages in the male skulls show the 
following capacities: — 184*5c.c. (B. 4 and B7), an increase of 
8*6 per cent, relative to the capacity during milk dentition, and 
208 c.c. (average of thirteen), an increase of 22 per cent, in the 
period between the shedding of the milk teeth and complete 
permanent dentition. The increase from the stage in the 
eruption of the teeth represented by B. 4 and B. 7 to the mature 
condition is 12*7 per cent. 

It may be noted in passing that Hrdlicka (1925) gives the 
range of capacity in the Baboon as 120-200 c.c. in the male, and 
120~160 c.c. in the female. The range as I find it is 191*5- 
232*5 c.c. in the adult male, and 171*5-181*5 in the adult female. 

The cranial capacity in the adult female is 15 per cent, less 
than that of the adult male. Duckworth (1915), quoting 
Oppenheim, gives the ratio between the capacities of male and 
female Cynocephalus as 100 : 83. 

In the face of these facts, it is impossible to deny a definite 
increase in the size of the brain during the period of eruption of 
the permanent teeth, a time before which the anthropoid brain is 
generally supposed to have attained its maximum size. The fact 
that the female brain undergoes an increase in size after milk 
dentition relatively small as compared with that of the male is 
not surprising when one considers the general physical superiority 
of the male. 

I have tried to discover in which dimensions the brain increases 
in size after milk dentition. 

Height of the Brain . 

It was found that the increase in capacity is not due to any 
increase in height of the cerebrum ; in this respect the Baboon 
is similar to the Gorilla and other anthropoids. Growth of the 
cerebrum causes expansion of the parietals, and in the Baboon 
the increase in the size of the parietals is very limited, being 
barely 1 cm. in any direction during the whole process of growth. 
After milk dentition they do not increase in height, though the 
length inay be increased slightly. 

The absence of any increase in height above the subcerebral 
plane can be shown by means of the following measurements *. — 

(a) A uriculo-bregmatic Height . — The value of this criterion is 
lessened owing to the greater thickness of bone and to the growth 
of crests in older skulls. Average dimensions are 
At birth (B. 1), 45 mm. 

During milk dentition, 52*5 mm. 

Adult female, 52*6 mm. 

Adult male, 56 mm. (The large size of this measure- 
is chiefly due to the thickness of bone in the region 
of the bregma.) 
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(b) The Height of the Vault above the Subcerebral Plane . — This 
dimension can be taken only on skulls sagittally sectioned in the 
median plane. When oriented in this plane, the presphenoid is 
situated well in front of the internal bregma, and it was found 
necessary to connect the level of the floor of the anterior cranial 
fossa with the transverse sinus posteriorly by means of tape, and 
to measure the greatest perpendicular height from the tape to the 
vault. (In most cases it was found that the internal bregma is 
not quite the highest point of the vault, this point being fouud 
more posteriorly.) 

At birth (B. 1) this height equals 34 mm* 

During milk dentition (B. 3), 36*5 mm. 

Adult female (B. 10 and B. 11), 37 mm. 

Adult male (B. 14 and B. 17), 37*5 mm. 

It should be noted that no diminution in the vaulting occurs. 

After the shedding of the deciduous teeth, the brain continues 
to grow in the regions below the subcerebral plane, i. e. in the 
temporal lobes and the cerebellum. The effect of this growth is 
to expand the brain-box in these regions. That such expansion 
does occur can be seen from the height of the squamous temporal 
bone during milk dentition and in adults. In older skulls tins 
bone is definitely higher. The fact that there is growth in the 
cerebellum and temporal lobes is shown by the following 
measurements : — 

(a) Basion-external bregma Height : — 

At birth (B. 1 ), 48*5 mm. 

During milk dentition (av. of B. 2 and B. 3), 60 nun. 

Adult temale (av. of five), 67 mm. 

Adult male (av. of thirteen), 74 mm. 

(b) Basion-internal bregma Height . — These measurements are 
taken from the casts in Table Y. : — 

At birth (B. 1), 47 mm. 

During milk dentition, 57 mm. 

Adult temale, 64 mm. 

Adult male, 68 mm. 

Observations on the thickness of the bone in the region of the 
bregma in the skulls sectioned give the following values : — 

At birth (B. I), 1*5 mm. 

During milk dentition, 2 mm* 

Adult female, 3 mm. 

Adult male, 4 mm. 

(c) Distance from the lower surface of the temporal lobes to the 
highest point on the casts (Table V.) : — 

At birth (B. 1), 46 mm. 

During milk dentition, 55*5 mm, 

Adult female, 59 mm. 

Adult male, 60 mm. 
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As has been shown, there is no increase in height above the 
subcerebral plane after the shedding of the deciduous teeth, and, 
as there is a definite increase in the basion-bregma diameter after 
this period, the only conclusion that can be arrived at is the one 
given above, viz. that growth of the brain occurs in the cerebellum 
and temporal lobes. 

Length of the Brain , — Reference to Table I. shows a gradual 
increase in the maximum an tero- posterior diameter of the 
cranium as the skull ages. 

At birth (B. 1) it is 78‘5 mm. 

During milk dentition it is 9b mm. 

In the adult female it is 109 mm. 

In the adult male it is 118 mm. 

Table V. gives the maximum antero-posterior diameters of a 
group of endocranial casts, but these dimensions do not show any 
regular increase as do the maximum antero-posterior diameters 
of the cranium. At birth (B. 1) the length of the endocranial 
cast is 75 mm. During milk dentition it is 95 mm. In the 
adult female it is 90 mm., and in the adult male 97*5 mm. 

A very slight increase in length occurs in the group of male 
skulls, after the shedding of the milk teeth. The series does not 
indicate what the condition is in the female as regards the growth 
in length. It may be mentioned, however, that the adult female 
brain is 7 mm. shorter than the male. 

Seeing, then, that the increase in the length of the brain after 
the shedding of the deciduous teeth is more or less negligible, 
the increase in the length of the skull must be due to increased 
thickness of the hone in the glabella and inion regions. 

IVansverse diameter of the Brain . — Increase in this diameter 
after the period of milk dentition is more marked than in the 
antero- posterior. The following measurements are taken from 
Table Y. : — 

Width at birth (B, 1), 59 mm. 

During milk dentition, 74 mm. 

Adult female, 74*25 mm. 

Adult male, 77 mm. 

Again, as in the former dimension, the increase is move marked 
in the male. Reference to the maximum transverse diameter of 
the skull in Table I. also demonstrates this growth in width after 
the shedding of the milk teeth. The changes in the thickness 
of the bone are more or less the same in the region in which the 
measurements weifo taken, as in the region of the bregma. 

At birth the maximum transverse diameter is 61*5 mm. 

During milk dentition, 75 mm. 

Adult female, 77*8 mm. 

Adult male, 83*4 mm. 
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A series of the normse verticales of the various endocranial 
casts projected on to millimetre paper showed a slight progressive 
increase in area ap to the adult condition, more especially in the 
transverse direction. 

Summary of the Growth of the Endocranial Cavity . — It was 
found, from the skulls studied, that the endocranial cavity of the 
adult male Baboon was 22 per cent., and that of the adult female 
4 per cent, larger than the endocranial cavity of the Baboon 
during inilk dentition. These facts indicate a growth in the 
Baboon brain after the period of the shedding of the deciduous 
teeth, a process which Keith states does not occur in the 
anthropoids. 

On analysis it was found that the growth which took place 
during this period occurred chiefly in the cerebellum and 
temporal lobes, for the height of the endocranial cavity above the 
subcerebral plane did not increase during the period, whereas the 
basi- bregma tic height did. During the period subsequent to 
the milk dentition the increase in length and breadth is very 
slight. 

(5) Summary. 

(1) Tim prosthion-inion length, the transverse diameter, and 
the bnsi-hregmntic height continue to increase from birth until a 
time considerably subsequent to the eruption of the permanent 
teeth. 

(2) The varying proportions of face to cranium at the different 
stages of growth are demonstrated in the text and diagrams. 

(3) Virtually all the cranial sutures of the Baboon skull, 
unlike those of the higher anthropoids, are never completely 
occluded, even in the aged male. 

(4) The basicranial axis and its angles are of a type which finds 
its closest counterpart in those of tne anthropoids. 

(5) The sphono-imixillary angle in the Baboon has an average 
value of SMV 30', and is therefore well within the human range. 
This angle, far from being “the most important angular 
measurement by which prognathism can be represented '* 
(Duckworth ), is worthless as a criterion of prognathism. It does, 
however, indicate the degree of “ subgnathism.” 

((>) The spheno-maxillary angle in the Baboon does not increase 
with the eruption of the permanent teeth and with the growth 
of the muzzle. This lack of increase diming growth is explained 
by a downward rotation of the muzzle upon the basi-cranial axis. 

(7) Flower’s gnathic index is shown to be a reasonable criterion 
of the degree of prognathism in the Baboon skull. 

(8) Prognathism in the Baboon has been studied by means of 
the facial triangle (text-fig. 7 and Table IJL), which, in my 
opinion, expresses most clearly its nature and degree. 
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(9) The growth-changes in the cephalic index, temporal lines 
temporal fossce, nuchal area, occipital plane, base of skull, and 
palatal and alveolar dimensions are of a nature comparable with 
the growth-changes in the higher anthropoids. 

(10) An increase of 22 per cent, occurs in the volume of the 
endocranial cavity in the male Baboon, and 4 per cent, in the 
female, between the period of milk dentition and maturity. 

(11) This later brain-growth takes place chiefly in the temporal 
lobes and cerebellum, and very slightly in the length and breadth 
of the cerebrum. No growth at all takes place in the height of 
the cerebrum above the subcerebral plane after the period of the 
milk dentition. 

In conclusion I wish to express my indebtedness to Professor 
M. R. Drennan for his kindly advice and criticism during the 
progress of the investigation, and to Professor Raymond A. Dart, 
of the University of the Witwatersrand, for reading a draft of 
the paper and for valuable advice. 
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EXPLANATION OF THE PLATE. 

Complete Skulls from left to right : Adult male Z. 2. Adult female Z. 1. Skull of 
Milk Dentition B. 2. Skull at Birth B. 1. 

Sagittal sections of Skulls from left to right : Skull of Milk Dentition B. 3. Male : 
B.4. Stage in eruption of permanent teeth : Adult female B. 11 : Adult 
male B. 17. The basicranial axis and spheno-maxillary angle are indicated in 
each section. 

Sagittal sections of skulD from left to right : Skull of Milk Dentition B. 3. Male: 
B. 4. Stage in eruption of permanent teeth : Adult female B. 11 Adult 
male B. 17. 




Jotw* tala. Sana 4 Danial*a<i«, L*f 


NEW SPECIES OF Anadanua (MOLLUSCA). 



P. 2. S. 1926, BHATIA, PI. II. 



NEW SPECIES OF Anadenus (MOLLUSCA). 


THREE NEW SPECIES OF THE GENUS AN ADEN US. 


875 


43. On Throe New Species of the Genus Anadenus 
(Mollusca). By D. Bhatia, M.Sc., F.tt.M.S. (Zoology 
Laboratory, Cambridge) *. 

[Received May 14, 1920: Read June 15, 1926.] 

(Plates I. <fc 11.+ ; Text-figures 1-4.) 

An account is given in this paper of three new species of the 
Slug Anademts occurring in India, at Dalhousie (Punjab), .Lahore 
(Punjab), and Gulnmrg (Kashmir) respectively. The specimens 
of these species were collected mainly with a view to study the 
cytology of the hermaphrodite gland. The species from *Gul- 
marg, for reasons given below, lias been placed in a subgenus, 
Gymnanadenus , as suggested by the late Dr. Annandale. 

The specimens were studied in the Zoological Laboratory of 
the Government College, Lahore, and the laboratories of the 
Zoological Survey of India, Calcutta. 

My grateful thanks are due to Professor George Matthai for 
allowing me to work through his collection. I must also 
thank the late Dr. N. Annandale, C.I.E., F.R.S., Director of 
the Zoological Survey of India, for his useful criticism and 
suggestions. 


Family AIIIONHLE. 

Subfamily A HIONIN M. 

Genus Anadenus Heynemann. 

1863. Heynemann, Malakol. Blatter, Bd. x. p. 138. 

1882. God win -A listen, Moll. ind. vol. i. p. 40. 

1893. Cockerell, ‘The Conch ologist/ vol. ii. p. 192. 

1898. Pilsbry, Proc. Malac. Soc. vol. iii. p. 94. 

1914. Glide, The Fauna of British India, Mollusca, vol. ii. 
p. 468. 

The body is convex and is without a keel ; the posterior 
extremity is bluntly pointed. The two upper tentacles are 
longer than the lower ones. The trunk is fused with the foot 
along its entire length. The respiratory orifice is on the right 
side of the mantle, towards the posterior end. The foot is 
tripartite and the pedal gland is absent. An internal shell 
is present, which may be complete or fragmentary. The jaw is 
closely ribbed. The tooth-plates of the radula are rectangular, 

* Communicated by the Secretary. 

+ For explanation of the Plates see page 884. 

Proc. Zoo u Soc. — 1926, No. LVII. 
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with projecting sides. The central tooth is symmetrica], some- 
what triangular in shape, and bears a pair of lateral denticles. 
The lateral teeth are similar in shape to the central, each with a 
denticle on the outer side only. The outermost lateral teeth 
usually possess one or two accessory denticles. 

An ADEN US DALHOUSIENSIfl, sp. n. 

Specimens when fully extended vary from 145 mm. to 200 mm. 
in length and 30 mm. to 40 mm. in breadth. The trunk 
decreases in width towards the posterior end. The line of fusion 
with the foot has a frilled appearance. Hhomboidal areas 
occurring on the dorso-lateral surface of the body, are about 
4 mm. in length, and are separated from one another by very 
shallow grooves. The mantle is fused with the trunk except at 
the anterior margin, which remains free in the form of a flap* 
The length of the mantle as compared with the trunk (excepting 
the head-region) is in the ratio of 1 : 2. The median region of 
the mantle-wall is granular in appearance, while the lateral 
regions are irregularly grooved. On contraction these grooves 
become indistinct*. The genital aperture lies a little behind 
the right eye-tentacle. The foot is bluntly pointed at its 
posterior extremity and presents a concavity at the anterior end. 
The grooves on the lateral regions of the foot are more pro- 
nounced than those on the central region. 

The colour is somewhat variable. Most of the specimens were 
pale brown with reddish-brown streaks, while some were orange- 
brown with red streaks and black spots. The head is black 
above but lighter bolow and at the aides. The central area of 
the foot is pale brown, while the lateral areas are of a darker 
shade. 

The shell (PI. I. fig. 1), which is covered by the mantle, is 
18 mm. long and 15 mm. broad. It is composed of a thin 
conchiolin base, to whose lower surface irregular calcareous pieces 
are attached, the margin of the conchiolin base being distinct. 

The jaw or mandible (PI. I. fig. 2) is crescentic in shape and 
red in colour, and forms a dorsal arch at the anterior end of the 
buccal cavity. It is produced behind into a thin, colourless, 
chitinous plate, and bears 12 to 14 somewhat curved ribs on its 
anterior surface. The usual number of these ribs is 13. 

The radula (text-figs. 1 a, 16, 1 c, 1 d) consists of curved 
rectangular plates arranged in parallel rows. Each plate bears 
a tooth which is broad proximally and conical distally. The 
teeth constitute 155 longitudinal and 160 transverse rows. 
Those forming the median longitudinal row are broader than the 
others. The mesocones are shai*p but the ectocones blunt. The 
distal portions of the lateral teeth become gradually elongated 
from the median row outwards, but are slightly bent inwards. 

# The descriptions of Anadmm ffivfcn by Heynenmnn and Pilsbry appear to be 
based on preserved specimens. 
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The marginal teeth are small, with distinct mesocones and 
ectocones. Small accessory denticles arise from the bases of some 
of the marginal teeth. 

The kidney, which is a horseshoe- shaped organ lying in the 
posterior region of the mantle-cavity, surrounds the pericardium. 
It is spongy in texture, and its dorsal surface is covered by 
pulmonary veins. A thin-walled ureter, the aperture of which is 
situated in the pulmonary orifice, arises from its right side. 


Text-figure 1. 



Anadeuits dalhovsietisis, sp. ». 

1 a. Central and proximal lateral teeth of radula. 
1 b, 1 <\ Lateral teeth of radula. 

1 d. Peripheral teeth of radula. 


The heart lies in the pericardium and consists of an auricle 
and a ventricle. The auric ulo-' ventricular aperture, which i> 
exeentrie in position, is slit-like and provided with a sphincfcei, 
but without a. valve. The auricle is thin-walled, and receives ii. 
front a number of pulmonary veins communicating with the 
rich vascular network in the roof of the mantle-cavity. The 
ventricle, which is thick-walled and conical, lies behind the 
auricle and is partially covered by the latter. A short aorta 

57 * 
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arises from the hind end of the ventricle, and immediately divides 
into a cephalic aorta running forwards to supply the repro- 
ductive organs, anterior part of the alimentary canal, salivary 
glands and head, and a hepatic aorta which runs backwards to 
supply the intestine and the liver. 

The nervous system is of an advanced Hypoathroid type, 
inasmuch as the principal pairs of ganglia have undergone 
complete fusion. The pleural and visceral ganglia form a 
common pleuro-visceral mass lying below the oesophagus and 
just above the pedal ganglia. Pleuro-pedal connectives are 
consequently very short, while the cerebro-pedal and cerebro- 
p'eural connectives run backwards on each side of the oesophagus. 
Buccal ganglia lie below the oesophagus near its proximal end, 
and are connected with the cerebrals by buccal nerves and with 
each other by means of a commissure. 

The hermaphrodite gland (PI. I. figs. 3, 4, 5) is situated behind 
the stomach between the right and left lobes of the liver. The 
hermaphrodite duct runs forwards, being thrown into zigzag 
coils, hut becoming straightened out towards the distal end. 
It opens into a transverse ductule which is blind at one end but 
communicates by the opposite end with the uterus. The 
albumen gland, which is lnjge and yellowish, opens into the 
uterus at the junction of the latter w T ith the hermaphrodite duct. 
The uterus is a thin-walled coiled tube. Proximally the coils of 
the uterus form a large mass; the distal portion, though not coiled, 
is thrown into puckered folds. Part of the uterus wall from its 
commencement is slightly constricted off along its entire length 
to form a yellow hand. The constriction becomes complete 
towards the anterior end of the uterus. The yellow hand forms 
a separate duct — the vas deferens, while the continuation of 
the uterus becomes the oviduct. The oviduct is smooth-walled 
and opens into the genital cloaca. Communicating with the 
distal end of the oviduct is a thick-walled spermathecal tube 
lying on the right side of the oviduct and becoming continuous 
behind with a thin-walled sne — the spermathecR. The vas 
deferens, which is a very narrow tube, runs along the left side of 
the oviduct, and becomes somewhat wider as it passes forwards 
below the penis. In front of the penis it becomes highly con- 
voluted, the mass of coils lying just behind the left eye-tentacle. 
The terminal portion of the vas deferens, as it emerges from the 
mass of coils, turns backwards and opens into the posterior 
extremity of the penis. The penis is a thick muscular sac 
attached to the posterior margin of the mantle-cavity by means 
of a. retractor muscle which arises close to the opening of the 
vas deferens. The inner surface of the wall of the penis is raised 
into numerous chitinous processes triangular in shape. The 
anterior end of the penis opens into a wide muscular dart-sac 
which communicates with the genital cloaca. The dart-sac 
contains calcareous tooth -like processes or darts which arise 
from small, curved, calcareous rods embedded in its muscular 
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wall, five or six teeth arising from the same rod. At the opening 
of the penis into the dart-sac is a ilat calcareous plate from which 
12 toothless calcareous rods arise. The calcareous plate and 
teeth are frequently exposed by the eversion of the dart-sac. 

There is a considerable resemblance, in respect of size and 
colour, between this species and Anurievas altiragus , as described 
by Theobald (Oat. Land and Freshwater Shells Brit. India, 1876, 
Addenda, p. i, and Journ. of Asiatic Soo. Bengal, vol. 1. 1881, 
p. 47), and subsequently by Godwin-A usten (Moll. Ind. vol. i. 
1882, p. 49), by Cockerell (‘The Oonchologist,’ vol. ii. 189.*!, 
p. 192), and by Pilsbry (Proc. Malac. Koc. London, vol. iii. 

1898, p. 95). 

The descriptions of A. altimgas given by Godwin- Austen 
and Pilsbry differ slightly in regard to the retractor muscles 
and the genitalia. Godwin -A usten figures (plate vii. tig. 5) 
the retractor muscle of the penis attached to the mantle on the 
right of the pharyngeal retractor. A. dalhovsievsis, however, 
agrees with Pilsbry s description, for the retractor muscle of 
the penis is attached to the left of the pharyngeal retractor. 

In the genitalia the chief differences between the two accounts 
are in the shape of the penis, size of the sperms theca, and the 
structure of the dait-sac. In all these, A. dal h o us ie ns is agrees 
more with Godwin- Austen’s A . altiragus. 

Another allied species is A. secJtueveusis from China (Collinge, 

1899, Journ. of Malac. vol. vii. p. 78), but it, differs from 
A. dalhousientris in having a bifurcated penis-retractor muscle 
which is attached to the organ at two places. Besides, the size 
of the penis and receptaculum seminis is proportionately much 
smaller. 

Apart from the above-mentioned differences, A . dalhousiensis 
differs from A . altiragus in the following: — The shell is com- 
parativcdy thick and consists of calcareous pieces; the jaw has a 
chitinous plate attached to it ; the number of jaw-ribs varies 
from 12 to 14. The radii In has 155 longitudinal row's of teeth 
(111 in A. (dtivagas ), and the calcareous plate in the dart-sac is 
not perforated. 

All the above anatomical details are of specific value. 

Locality. — Dalhousie (Punjab). 

Anadenus lahorexsis, sp. n. 

Specimens, when fully extended, measure 20 min. in length 
and 4 mm. in breadth. The trunk is marked by regular 
polygonal areas separated by shallow grooves. The mantle is 
about 7 mm. in length and has a granular surface. The head 
is narrower than the body and can be extended for about 4 mm. 
On the dorsal surface a prominent ridge runs along the median 
line of the head and extends forwards up to the oral orifice. 
The genital aperture lies behind the right eye-tentacle. The 
respiratory and anal apertures are separate. The latter lies just 
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behind the mantle-slit. The lateral areas of the foot are 
narrower than the central area and are granular in appearance. 

The colour is dark grey. Black pigment, in the form of tiny 
spots, occurs on the dorsal surface of the trunk, mantle, and head. 
The sides of the head are quite colourless and the skin is more 
or less transparent. The two pairs of tentacles are black. The 
lateral areas of the foot are colourless, while the central area is 
light grey. 

The shell (PI. II. fig. 6) is oval in shape and is moderately 
Text-figure 2. 







2d. 

Anadenus lahorensis , sp. n. 

2a. Central and proximal lateral teeth of radula. 

2 b, 2 c. Lateral teeth of radula, 

2d. Peripheral teeth of radula. 

thick and flat. It is 4 mm. long and 2 mm. broad. As in 
A* dalhousmisis, the shell consists of numerous calcareous pieces 
loosely attached to the lower surface of a chitin-like base. 

The jaw (PI, II. Sg. 7) is crescentic in shape and light red 
in colour. The ribbing on the front surface is faint and 
irregular, and confined to only the central region. The exact 
number of ribs could not be made out. 

The radula (text-figs. 2 a, 2 b, 2 c, 2 d) consists of 1 11 trans- 
verse and 01 longitudinal rows of teeth. The teeth of the 
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median row are narrow and have their inesocones constricted at 
their bases. The lateral teeth resemble those of A. dalhousiensis, 
except that the ectoconos are more prominent and placed on 
broader bases, and are well separated from the inesocones. The 
ectocones get gradually reduced in size towards the outer lateral 
teeth, and are completely lost in the outermost. The marginal 
teeth are thus simply aculeate. 

The kidney lies towards the posterior region of the mantle- 
cavity and is produced behind into ji big lobe. The ureter 
opens out through the anal aperture. 

The general arrangement of the reproductive system is the 
same as in A, altivagus and A. dalhousiensis. The dart-sac is. 
however, comparatively narrow and devoid of calcareous darts 
and plate. 

The species resembles A. dalhousiensis in the nntuie of the 
shell and of the radula (in the number of teeth it agrees with 
A. altivagus) and in the general arrangement of the reproductive 
organs. It differs from A. dalhousiensis in regard to size, 
external features, nature of the dart-sac, and the position of the 
anal aperture. 

It differs from A. dalhousiensis in size and external features, 
and resembles A . modestus (Theobald in Nevill, Sci. lies. Second 
Yarkand Mission, Molluscs, JS78, p. 21 ; Godwin -Austen, Moll, 
lnd. i. 1882, p. 53 ; Cockerell, The Conchologist/ii, 1893,p. 192) 
in these respects. 

The separation of the anal and respiratory apertures is. 
however, the most characteristic feature of this species, and 
distinguishes it from all the recorded species of the family 
Avion id ae. 

The only other slug with an identical position of the anal and 
respiratory apertures is Hiffdimax ( God win -A listen, Moll. Jnd. i. 
1882, p. 55), belonging to the family Succinehhe. 

This resemblance, however, does not indicate any affinities 
between the two forms, although on account of other reasons 
(shell) the genus IJyalimax was at one time described as a sub- 
genus of Li max (11. & A. Adams, Genera liec. Moll. ii. 1855, 
p. 219). The above is only a case of analogy, perhaps like the 
analogous seriation of the nature of shell that occurs in both 
Succineidap and Avion idle (Fischer, Journ. Conchyl. xv. 1807, 
p. 218). A. labor ens is differs from Hiffdimax in most characters, 
viz. jaw, radular teeth, shell, reproductive organs, etc. 

Locality . — Botanic Gardens, Lahore (Punjab). 

Subgenus Gymnanadenus, nov. 

The shell is fragmentary. The outermost lateral teeth of the 
radula are usually without or with poorly-developed accessory 
denticles. The penis is as wide as the dart-sac. 

AnADEXUS MATTHAU, Sp. n. 

Specimens in alcohol vary from 90 mm. to 115 mm. in length 
and 35 mm. to 40 mm. in width. On preserved specimens it is 
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not possible to determine the pattern of the stirface of the body. 
The mantle is about 35 min. long, and, as in the preceding 
species, is granular in the median region and irregularly grooved 
at the sides. The genital aperture is midway between the right 


Text- figure 3. 



Anadenus matthan , 8p. n. 
Jaw. 


eye-tentacle and the respiratory orifice. The lateral areas of 
the foot are nearly as wide as the median area in the central 
region of the foot, but gradually become narrower towards the 


Text-figure 4. 



4ft. 4 d, 

Anadenus matthaii , sp. n» 


4 a. Central and proximal lateral teeth of radula. 

4 6, 4 c. Lateral teeth of radula. 

44 .Peripheral teeth of radula. 

extremities. The anterior edge of the foot is concave as in 
A. cUdhou&iemvt. 

The colour is pale grey. The dorsal surface of the head is 
somewhat black, the tentacles being of deeper tint. The sides 
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of the head are more or less white. The median area of the 
foot is pale brown, while the lateral areas are of darker shade. 

The shell is fragmentary, being represented by numerous 
fine calcareous granules in the median area. 

The jaw or mandible (lext-(ig. 3) is crescentic in shape and 
dark brown in colour. The sides are without ribs, while 8 or 9 
curved ribs are visible in the man tie- wall. 

In the radula the teeth are arranged to form 115 longitudinal 
and 138 transverse rows. The teeth of the median longitudinal 
row (text-figs. 4 a , 4 b , 4 c, 4 cl) are comparatively narrow, the 
mesocones short and the eetocones blunt. The lateral teeth 
resemble those of Anadenus dalhousiensis , the mesocones getting 
elongated from the median row outwards and slightly bent 
inwards. The marginal teeth have very minute eetocones, and 
no accessory denticles. 

The kidney is hoi seshoe-slmped as in A . dalhousiensis , and 
appears to be longer than broad in preserved specimens. 

The reproductive system (PI. II. fig. 8) differs from that of 
A. dalhousiensis in the following respects : — 

The hermaphrodite gland is comparatively larger, forming an 
elongated mass measuring 12 mm. in length. The uterus is more 
closely coiled. The spermathecal tube is wider but the spenna- 
theca is smaller. The penis is almost as wide as the dart-sac. 
The dart-sac is without a calcareous plate. 

A. matthaii agrees more closely with A. beebei (Cockerell, Bull. 
Amer. Mus. Nat. Hist. vol. xxxii, 1913, p. (517) than with any 
other recorded species, The resemblance is confined to the size, 
general proportion of parts, and the nature of the jaw. The 
former, however, differs from the latter in the following 
respects : — 

1. The colour of the preserved specimens is pale grey, and 
not warm ochreous as in A. beebei . 

2. The shell is fragmentary, whereas A . beebei has a continuous 
membranous shell containing minute calcareous particles. 

3. The outermost rows of radular teeth are without accessory 
denticles. 

4. The penis is as wide as the dart-sac. 

5. The dart-sac contains calcareous darts which are said to be 
absent in A . beebei . 

In regard to the absence of accessory denticles in the marginal 
teeth of the radula, A. matthaii differs from the genus Anadenus 
as described by Godwin-Austen (Land and Freshwater Mollusca 
of India, ii, 1882, pp. 49, 50). He remarks : — “ The outermost 
laterals are oblong at the base, with one long blunt tooth and 
one or two small teeth disunited and separate from it, but rising 
from the same base (plate vi. figs. 6 a, 6 b). The outer teeth 
are very characteristic of the genus, for nothing like them is to 
be found in either Avion or Limax ” 

The absence of a complete shell is another striking difference 
from the genus Anadenus . A . matthaii resembles in this respect 
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the genus Avion, where the shell is fragmentary, as described 
above. 

The presence of a robust penis, nearly as wide as the dart-sac, 
distinguishes A. matthaii from the descriptions and figures given 
of the recorded species of the genus. 

Considering these important points of contrast with the generic 
characters, it has been thought advisable to put A. matthuii in a 
distinct subgenus, for which the name Gymnanadenvs is sug- 
gested . 

Locality . — Gulmarg (Kashmir). 


Explanation of Lettering employed . 

Al.ffl. Albumen gland, H.d. Hermaphrodite duct. H.gl. Hermaphrodite gland. 
Ovd. Oviduct. P. Penis. P.ret.m. Retractor muscle of the penis. Spth. 
Sperma theca. Tit. Uterus. V.d. Vas deferens. 


EXPLANATION OP THE PLATES. 

Plate I. 

Fig-. 1. Shell — Anndenus dalhousiensis, sp. n. 

2. Jaw — A. dalhousiensis , .sp. n. 

3. Reproductive organs — A . dalhousiensis , sp. n. 

4. (Mutinous processes inside the penis — A. dalhousiensis, sp. u. 

5. Penis and dart-sac everted — A. dalhousiensis , sp. n. 

Plate II. 

Pig. 6. Shell — Anndenus lahorensis , sp. n. 

7. Jaw — A. lahorensis , sp. u. 

8. Reproductive organs — d. matthaii, *p. n. 
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1. Introductory. 

This* study of the Isopod bead was undertaken in the fiist. 
place to pro\ file a uniform tenuinology of the external stmetures 
employed by svstematists in descriptions of Teirestiial Isopods. 
It became evident in the course of the work that, in addition to 
the Oniscoidea, a survey of nearly related Isopods was necessary 
to determine the homology of these structures on fundamental 
an atomical features. 

The Terrestrial Isopod which, without any doubt, is the most 
primitive of the tribe is the genus Liijia, and it is fortunate that 
this genus exhibits, at once, practically all the structures which 
are found in varying degrees of development scattered among 
the more highly specialized forms, and by that fact and its 
relatively large size it is peculiarly favourable as a starting-point 
for this study. 

As it seemed probable that the external form of the head 
would be correlated with the internal skeleton and the origins of 
the appendage muscles, these have been worked out, but. although 
the results are interesting and promising, it is early to make any 
generalizations on the point. The second part of this study will 
deal comparatively with the other Terrestrial I so pods and typical 
aquatic forms. 
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The author would like to acknowledge here his indebtedness to 
Dr. \V. T. Caiman, F.li S., for his stimulating interest and his 
constructive criticism and advice. 

Previous work . — The work of JSchobl (1860) and Sara (1807) is 
mentioned in connection with the internal skeleton of the head. 
The external features have been dealt with piecemeal in Budde- 
Lund’s * Isopoda Tevrest ria ’ ( 1 885), but only accustomed travellers 
in that arid country can interpret the cryptic signs scattered by 
the way. As far as possible, his terms will be used as a basis for 
the terminology proposed in this paper, so that the only in- 
dispensable book on the Terrestrial Isoporls will not be made, at 
any rate, less intelligible. Dollfus in a serial paper (1888-1892) 
dealt with the head and general morphology of Porcellio , Armor- 
dillidium , and other Isopods. This work is not without value, 
but it is probable that it was written rather from the naturalists* 
point of view than ms a critical account for speeifdists, and the 
morphological statements in it are often indefensible and un- 
substantiated. Hansen’s paper on the Cirolanidse (1890) was a 
land-mark in accurate description, but no especial study was given 
to the head. Mil n e-Ed wards and Bouvier (1902) gave a fine 
account of Bathynomus, added to by Lloyd in 1908. The most 
elaborate account of an Isopod head, which is also well illustrated, 
is that of Taiton Glyptonotus (1917). 

Methods . — The work has been carried out by means of dissections 
of freshly preserved material under a binocular microscope with 
a Pointolite illumination. The skeletal structures ha\e been 
studied by means of cold potash preparations cleaned .by washing 
with dilute glycerine, as recommended by Hansen for mouth- 
parts. Such preparations stained with picrocarmine show the 
detail of the sclerites with great precision. Serial sections cut in 
collodion and paraffin-wax and stained by Mallory’s triple stain 
or Haematoxylin and Eosin (less good for this purpose) were 
helpful in studying the smaller heads, but the extremely re- 
fractory material makes such preparations of the thick ohitinous 
head of Ligia unreliable and only of value for confirmation of 
small points difficult to make out with certainty by dissection. 

2. Terminology . (Plate I. figs. 1 & 2 ; text-figs. 1, 2. & 3.) 

It will be convenient to lay down in the beginning the termino- 
logy wiiich will be employed in this paper and discuss the terms 
used and the significance of the structures named later on. 

In its natural position seen from above, the head of Ligia 
oceanica is an elongate oval rather more than twice as broad as 
long. The very large eyes at each end of the oval are separated 
by a distance of about twice their breadth. The head is partially 
sunk into a deep concavity on the anterior border of the first free 
thoracic somite (the 2nd). 

On the anterior face the surface falls almost at right angles 
from the top of the head as far as the insertion of the antennas 
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and then slopes rapidly backwards. The most posterior pair of 
mouth-parts (the maxillipedes) are attached on a line well behind 
the posterior margin of the top of the head and the remaining 
parts at varying distances in front of these, but all meet at about 
the same point just behind the farthest backward limit of the 
face. They are set at an angle to the face of about 90° (the 
mandibles have an exceptional position), so that mouth-parts and 
face together form a strong cone shaped salient projecting down- 
wards and backwards. The mouth-parts consequently come to be 
almost vertical in position. 

The difficulties of orientation of the head are due to the fact 
that the greater part of the “ face ” is formed by the morphological 


Text- figure 1 . 



equivalents of the stornites of the first to fourth somites (ocular, 
antennulary, antenna ry, and mandibular), and the mouth of the 
animal is pushed downwards to open on the point of the down- 
ward-directed cone. The sternal elements therefore in front of 
the mouth are approximately at right angles to those behind the 
mouth. 

The appendages behind the mouth, in consequence of their 
nearly vertical position and compressed shape, can without 
violence be referred to as having an anterior and posterior face, 
but as this position is not found in all higher Crustacea they will 
for the sake of clearness be described as having an anterior (inner) 
and posterior (outer) face and lateral and medial edges. 

The head of Isopods is always composed of the cephalon proper 
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and on© or two thoracic somites, for which reason Tait drops the 
term cephalon in his description of Qlyptonotus and employs the 
word “ cephalosome.” The use of this term in preference to 
cephalon can certainly be justified, but it has not found geueral 
acceptance, and in this paper the custom of the author in previous 
papers will be followed of preferring the unambiguous and well 
understood vernacular word for this portion of the body. 

Viewed from the dorsal surface (text-tig. 2) a groove is seen 
to pass over the top of the head near its posterior margin. This 
groove is shallow medially, but becomes deeper when it passes 
to the side of the head. It will he called the occipital groove 
(occ.gr.), and it separates a narrow posterior part (the maxillipedcd 
somite , som.mxp.) from the remainder of the head {cephalon). 


Text-figure 2. 



Outline of Head of Ligia oceanica seen from above. 


From the anterior edge of the groove a well-defined ridge 
passes forward round each side of the head beneath the eyes. 
In front of the eyes it pauses over a knob which is moderately 
well defined in Ligia (the a ntennary tulwrcle, ant. tub . ), and 
then falls vertically until it reaches the upper margin of the 
mandible. At this point it turns forward and inward to pass to 
the front of the face, until it is lost at the junction of the anterior 
apophysis (articulating peg) of the mandible with the face. This 
ridge will be called the marginal line (Un.marg.) throughout its 
length. 

It is not quite clear how much of the margiual line Budde- 
Lund recognized, but his “ linea marginalia verticals ” (the 
“ marginal line of the vertex *it is not, ns has been sometimes 
assumed, a “ vertical ” line) seems to include the lateral and 
posterior portion of the line. In this genus the posterior part 
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(the anterior margin of the occipital groove) is not as sharply 
marked as in other genera, where it may form the definitive 
posterior margin of the head. 

On the upper surface of the head between and behind the eyes 
is a tuberculated area divided into anterior and posterior portions 
by a sharp ridge (the wterocidar line , lin.oc .). Behind the inter- 
ocular line are two shallow piriform depressions (the postocular 
pits , p.postoc.), the wide ends of which are directed forwards and 
separated medially by a narrow ridge: the narrow ends curve 
backwards and become lost just behind the eyes, inside the 
marginal line. 

The portion of the upper surface between the eyes will be 
called the vertex , following the analogy of the Insect head. The 


Text-figure 3. 



Outline of Head of Ligia oceanica seen from the side. 


vertex is bounded in front by a sharp ridge forming a broad 
arched curve, which passes in front of the eyes and ends blindly 
a little below them. This is the line called hy Budde-Lund 
“linen frontalis marginalia, ’’ and it will lie called the. frontal line 
(lin.fr.). In some genera this line is produced into lateral lobes 
in front of the eyes and into a median, lobe in the mid-line. 

Passing to the face, which is smooth and not tuberculated like 
the dorsal surface of the head, there will be found beneath the 
frontal line another well-marked ridge which is marked by a 
sharp downward angle in the mid-line find on each side passes 
on to the surface of the antennary tubercle where it becomes lost. 
This is referred to bv Budde-Lund as “ linea transversa episto- 
matis,” but, as the term “ epistome ” will be dropped for reasons 
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given below, the term supra-antennal line ( lin.ant .) will be 
used. 

The area between the frontal and supra-antennal line will be 
called the prof rone (pf). 

Below the supra-antennal line i* a region which contains the 
antennular and antennal sockets. The upper part of this region, 
defined below by the upper margin of the antennal sockets, 
passing between them and including the antennular sockets, will 
be called the postfrons (fr. ) f . The projecting shield under the 
antenme and including their sockets, which in the mid-line is 
produced into a small rostrum fused with the frons, is the frontal 
lamina {lam.fr.) J. 

Attached to the ventral limit of the frontal lamina but pro- 
duced upwards so as to overlap it is a firm plate, the clypeus (clp.). 
The upper lateral corners of the clvpeus are produced into small 
lateral processes (pr.lat.), under which the anterior apophysis of 
the mandible articulates. Hanging from the clypeus is the semi- 
membranous labrum (lab.). 

The side-w'alls of the head are made up on each side of single 
plates bounded in front and above by the marginal line and 
behind by the maxillipedal somite. The more anterior portion of 
the ventral boundary is formed by the mandible and the plate is 
continued downwards behind the mandible to form a deep flap. 
This plate is the gena (gen.) and a light depression (the gen a l 
groove, gr.gen.) passing from the upper posterior angle of the 
mandible obliquely upwards and backwards divides the plate into 
an anteiior and upper genal part and a posterior and lower post- 
genal {post gen.) part. A deep pit in the postgenal part is the 
genal fossa ( fos . gen.). 

The structures on the ventral surface of the head will be dealt 
with Inter. 

3. The Maxillipedal Somite. 

If a continuous series of sections betaken through the occipital 
groove (text- fig. 4), it will he found that in the mid-line of the 
dorsal surface the groove is very shallow, but as it is followed fo 
the side it becomes deeper until it forms on each side (viewed from 
within) a projecting vertical lamina which gives origin to a 
number of muscles (PI. II. fig. 3, ter.al.). These laminco were 
termed the tergal alee by Lloyd, and are seen in section to be in- 
vaginations of the external surface. The invagination can be 
followed to a point behind the genal fossa on each side (text- fig. 3; 
PI. II. fig. 3; PI. IV. fig. 17, *), where the alar bar ( al.bar .) 
meets the inner side of the head. The narrow chink at * is a 
lateral continuation of the invagination and is further continuous 

f In those Isopods* in which the supra-antennal line is absent, the postfrons and 
profrons will he said id be confluent and the whole area called the frontal area. 

% To avoid confusion! it should ho pointed out here that Dollfns mistakenly calls 
the 1st antenna the“ antenna ” and the 2nd antenna the “ nntennule,” and attributes 
the large antennas to the 2nd cephalic somite and the vestigial antennulee to the 3rd 
cephalic somite. 
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ventrally with a deep membranous crease in the soft ohitin, which 
passes right across the head to meet the similar chink * on the 
opposite side. In other words, a complete ring is separated off 
from the posterior part of the head by a groove which is shallow 
dorsally, very deep laterally, and moderately deep ventrally. The 
alar bar can be seen in section to be a chitinisation of the 
upper edge of the ventral membranous crease and therefore equi- 
valent in origin to the tergal alne (text-fig. 5). The membranous 
anterior (inner) faces of the maxillip^des a re attached immediately 


Text-figure 4. 



Series of sections through the occipitul groove 1, median sagittal ; 
2-5, successively more lateral ; 6 dorsal-lateral margin ; 7 and 8 lateral. 


behind the alar bar and the anterior vestige of their sternite is 
seen, by comparison with marine Isopods, to be fused with it. 
On the anterior side of the alar bar and the ventral crease are the 
articular sockets of the maxilla*, which are thus separated from 
the maxillipedos by the alar bar and the ventral crease. 

It seems justifiable to conclude, therefore, that the continuous 
occipital groove and the ventral crease represent an intersomitic 
apodeme, and that th© posterior portion of the head thus marked 
off with its paired appendage (the maxillipedes) represents the 
coalesced first thoracic somite. The tergal abe would then be 
interpreted as endopleurites and the alar bar as an endosternite. 

This view is put forward with due regard to the fact that 
Caiman (1917) has stated that “the cephalothoracic tergal 
boundary is coincident with, and is obscured by, the origin of 
the carapace fold” in all Crustacea but Bctihynella and the 
Anostracous Branch iopoda. In the case of Ligia, the conclusion 
Peoo. Zool. Soc.—* 1926, No. LYIII. 58 
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that the occipital groove is intersegmental is so tempting as to 
outweigh the consideration that in most cases a vestigial carapace 
fold is apparently involved in the coalescence with the head, 
A somewhat similar groove is found in the Idotheidee and in 
Bathynomus , where it is deepened into a cleft laterally even if it 
is obscured or absent dorsally. In Glyptonotus , where two somites 
are fused with the cephalon, Tait describes two such grooves 
continued internally (laterally) into arthrophragms between the 


Text-figure 5. 



Longitudinal section through alar bar and maxillo-maxillipedal npoderae ( ap .) 
at base of tnaxillipede in the plane of the flexor muscle ( Oniscus asellu *). 

presumed boundaries of the somites. Their continuity with the 
ventral apodeme has not, however, been demonstrated. 

The term “ occipital groove ” has been deliberately chosen 
to indicate a groove separating the. cephalon from the mesosome 
(1st thoracic somite), as the usual term “cervical groove ” is not 
believed by Caiman necessarily to indicate any such divisiou 
(1909, p. 256), and is in any case used in different senses by 
authors. 

4. The Morphology of the Anterior Somites and their Terminology . 

The term “ episfcome v has been applied in the Decapoda by 
Milne-Edwards to the sternum of the antennary somite. Huxley 
(1880) suggests that in the Crayfish this structure appertains in 
part to the antennal and in part to the mandibular somite. It is 
necessary to fitJd out how far this condition might correspond 
with that in the Isopoda. 

In Ligia the antennary sockets are very large, and are bounded 
below by a shield-like plate (termed by Hansen the “ frontal 
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lamina ”), which passes continuously across the face from one 
socket to the other (text-fig. 1 ; PI. I. fig. ] f lam.fr.). This 
plate is continued upwards in the medial aspect of the sockets 
to form a scimitar-shaped sclerite which can be followed round 
the socket as a narrow rib until it rejoins laterally the frontal 
lamina. In the mid-line the lamina is produced to form un 
up ward -directed spine (sp.\ which separates the nnteunular 
sockets and becomes smoothly fused with the postfrons. (In 
Idotea and related genera, the spine is not confluent with the 
face.) The term frontal lamina must therefore be applied to a 
structure which includes the antennary sockets. The frontal 
lamina is based on a thick chitinous rib (the maxillary bar , PI. II. 
fig. 3, mx.b.) which runs right across the front on the inner side of 
the cranium, ending at a point on each side where the posterior 
apophysis of the mandible is inserted in the germ. Below the 
frontal lamina and depending from the maxillary bar is the some- 
what oval clypeus, which is expanded upwards partly to cover 
the frontal lamina, so that there is a very deep fissure between the 
two. The lateral processes of the clypeus attain great size in 
some terrestrial Isopods. The articulation of the anterior 
apophysis of the mandible with the clypeus and its relationship 
with the labium below has been taken by Bourne (in Decapoda) 
and various authors (in lsopoda) to demonstrate the idontity of 
this structure with the mandibular stern it e. 

Similarly, it may he argued with some probability that the 
frontal lamina and chitinous sockets of the antenme represent, 
at any rate, some portion of the steruitn of the antennary 
somite. 

The backward migration of the antennula*, so that they come 
to lie between the usually widely-spaced antenna;, which is such 
a prominent feature of the terrestrial isopods, has made it a 
matter of great- difficulty to identify any part of the somite to 
which they belong. Even the surmise that it may he bounded 
above by the supra-antennal line is not without danger, as this 
line is prone to disappear in many genera. 

It will he seen then that, on these homologies, the term 
“ opistome” of the Decapoda is applicable, if at all, with t.lie 
frontal lamina, but as the application of this term is so varied 
in Decapoda (as pointed out by Bourne ( 1922)). and in Jsopods 
has been applied indiscriminately to the whole or part, of tin* 
“ face,” it seems better to drop it altogether. It is therefore 
proposed above to retain the term frontal lamina, to call the 
area containing t-ho antenmilary sockets tho postfrons, and 
the area above the supra- antennal line and below the frontal 
line the profrons. 

Milne-Edwards and Bouvier (1902) come to different con- 
clusions from these as to the interpretation of the anterior somites. 
The frontal lamina is alternatively termed “ ou segment anten- 
nulaire ” and the clypeus “ ou segment aatennaire,” but no 

58 * 
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evidence is given for these assertions, which, on the face of it, do 
not seem likely. 

Dollfus, in the papers referred to (1888-92), divides the face 
into three parts, prosepistome, xnesepistome, and metepistome on 
a study of the heads of the specialised wood-lice For cell io and 
Armculillidvtim . The divisions between the parts are far from 
clear, although he introduces in his figure of the head of 
Porcellio sp. (no. 237) a dividing-line which has no existence in 
any J'orceUio seen by the author, and is only called for by bis 
erroneous assumption that the antennulary somite is the 3rd and 
not the 2nd of the head. His metepistome is the olypeus, and in a 
categorical statement he refers to it as the mandibulary sternum 
(probably correctly), and the others (undoubtedly incorrectly) as 
the antennary and antennulary somites respectively (see foot- 
note on p. 890 above). These terms, which are very indefinite 
and founded on very doubtful homologies, would, therefore, be 
better abandoned. 

It remains to discuss the propriety of introducing terms from 
such a highly specialised group as the Insects. The head of an 
Isopod or Amphipod and an Insect has been considered by many 
authors to consist of the same number of somites, and Hansen 
(1893) has not hesitated to compare, segment by segment, the 
maxilla? and labium of M a chilis with the maxillae and rrmxilli- 
pedes of the Gammarinae. Both heads have their lateral parts 
made up of a single sclerite, which in both receives the posterior 
apophysis of the mandible and is bounded afeovo by the vertex, 
so it seems reasonable not to duplicate terms blit accept for the 
Crustacean the term gena. It is also convenient to adopt the term 
postgena for a partially separated-off postero-ventral portion of 
the gena. The fact of the articulation of the anterior apophysis 
of the mandible and the relations of the labium with the clypeus 
makes its name suitably parallel with the similar region of the 
Insects, and, although the morphological equivalence may not be 
thereby exactly demonstrated, it is at any rate suggestively 
similar. 

In the Insect there is usually no actual division between 
clypeus, frons, and vertex, although the areas are fairly clearly 
defined. In Ligia the region called “frons” in the Insect is divided 
into three areas, and the necessity arises of distinguishing 
between them. The name frontal lamina having already been 
applied to the lowest division, it seemed convenient to qualify 
the term “ frons,” and postfrons is suggested accordingly for the 
middle region and profrons for the uppermost division. 

The terminology of other authors is far from clear. Bud de- 
Lund seems to use the term epistome for the area between 
the clypeus and the marginal line, frons for the area between the 
eyes, and vertex for the back of the head. This terminology is 
obviously unsuitable, as if terms from entomology are used they 
must be used in carcinology with as near as possible a similar 
meaning. Budde-Lund’s frons is the vertex of entomological 
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usage ami his vertex the occiput. The term “ epistome ” has not 
been used in entomology. Dollf us seems to use the term 44 vertex ” 
equivalent to his prose pis to me — the other extreme to Budde- 
Lunci. The genal region is called by Uollfus ‘‘pleural/’ and 
divided into epimerienm* ( = genal) and episternale (= postgen al), 
and the division between them the “ fossette pleurale'’ (== genal 
groove). The term “epimer.il" is, however, as indefinite and 
objectionable as “ epistome.” 

5. The Inner Surface of the Head- capsule. 

On the inner side of the face” the frontal and supra-antennal 
lines are seen as well-marked grooves (PI. II. lig. 3). The 
antennuiar sockets are seen obviously to belong to the area 
hounded above by the supra-antennal line and below by the 
upper boundary of the antennal sockets. The scnnitar-shaped 
upper margin of the antennal sockets is continued downwards 
into stout rods, which pass below into the frontal lamina. The 

Text-figure 6. 



Ligia oceanica . Skeletal structure* in connection with the Right Maxillula. The 
right side of the head as far as the nearest antounary socket, the maxillipedes, 
and part of the mandible removed. 

median rostrum of the frontal lamina is seen as a crease. 
The frontal lamina is projected well forwards beneath the sockets 
and ou its inner edge joins the very stout, curved, maxillary bar. 
Underneath the maxillary bar on each side lie the mandibles, 
along the whole upper edge of each of which is a glenoid surface 
working on the maxillary bar, so that they swing on it and on 
their apophyses as from a hinge. A light nb (genal groove) on 
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the gena continues the bar obliquely upwards until it reaches the 
margin of the mandibular somite. A further rib, strengthening 
the gena, is to be found above this running from the point the 
genal groove reached on the maxilliped somite to a point below 
the marginal line in front of the eye. 

This system of stout girders and ribs is brought into being by 
the stress exerted by the powerful adductors of the mandibles, 
which tend to collapse the capsule inwards. The clypens is seen 
as a deeply concave plate resting above on the maxillary bar, and 
hanging under it is the pocket-like labium. 

The occipital groove is seen on the dorsal aspect as a slight 
rib, which deepens till it forms on each side the prominent tergal 
alee. These gradually diminish by the genal fossa?, which form 
prominent flattened bosses on each side. 

The remaining ventral structures will be dealt with in connec- 
tion with the mouth-parts and endophragmal skeleton. 

6. The “ Maxillo- sternal ” and Endophragmal Skeleton . 

The skeleton of the head in connection with the mouth-parts 
in Isopods is of an unusual complexity. The simple and easily 
interpreted succession of sternites found in more generalised 
forms which retain the caridoid facies has given place to an 
elaborate framework in which nearly all tiace of the original 
segmentation has been lost. The apparatus was apparently first 
described by Schobl (1860), who gives a good but incomplete 
figure of Haplophthahnus , which has obviously much in common 
with Lic/ia, Sara (1867) figures and describes the same apparatus 
in Asellus aquatiem , in which it seems to be simpler than in other 
Isopods, but he attempts no interpretation of the structures 
figured. Dollfus (1888-1892) gives incomplete and semi- 
diagrammatic figures of Armadillidmvi and Porcellio . Milne- 
Edwards and Bouvier (1902) figure it for Bathy nonius, and give 
doubtful interpretations of the structures, and this account has 
been added to by Lloyd (1908). Finally, Tait (1917), with 
favourable material, has given a full account of the internal 
skeleton of Glyptonotus , but the correspondence with that of 
Ligia and Bathynomus does not seem to be exact enough to make 
it possible to employ all Tait's terminology. 

In such a form as Bathynomus the removal of the oral 
appendages reveals a succession of sockets which incline inwards 
from the widely divaricated mandibular sockets in the front to 
the closely applied maxillipedal sockets behind. The sockets 
are divided by membranous or chitinous bands, and the sclerites 
formed between the nmxillulary and maxillary sockets are 
attached to a median an tero- posteriorly running bar which 
seems to show definite evidence of segmentation. 

In IAgia this orderly arrangement is obscured by the backward 
migration of the maxillulas to the side of and almost behind the 
maxilire, t until their basal parts come to lie on either side of 
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fcbe maxillipedes, between them and the lateral part of the 
cranium. The difficulty of demonstrating any segmental arrange- 
ment is increased by the absence of any trace of divisions in the 
median bar, which is fused into a single piece. 

Maxillo-sternal Framework — The ventral side of the head- 
capsule in Ligia , which bears the oral appendages, is mostly soft 
uncalcified cbitin, but a system of calcified bars is developed in 
the cbitin, forming attachments for the bases of the oral 
appendages and, in the case of the maxillipede, the origin of its 
muscles. An apparatus is thus formed which consists of a 
median longitudinal bar from which spring a number of paired 
rods. The rods are hollow and open to the exterior throughout 
their length, being essentially chitinisations of the upper edges 
of deeply in vagina ted creases. 

As seen from inside the bead and above (PI. II. figs. 3 «fe 4), 
the most prominent feature is the median bar ( med.b .) which is 
heavily calcified and slightly grooved on its inner (dorsal) surface 
for a great part of its length. Its extreme posterior limit is 


Text figure 7. 



Liyia ovtaiuca. m mtu seen from the posterior aspect. 

behind the base of the max ill i pedes, where it supports a slender 
T- piece (the maxillipedal sclerite, mxp.scl.) to which the coxa of 
the maxillipede is attached. 

Owing to the coxa being bent at right angles to the basis its 
attachment is thrown above that of the other appendages, and 
the median bar dips sharply downwards between the maxillipedes 
before turning forwards in a parallel course to the distal portion 
of the maxillipede and the other appendages. It divides before 
reaching the base of the paragnaths, a branch passing into each 
paragnatli and forming its sickle-shaped skeletal support. A 
slender process just above the entry of the bar into the para- 
gnaths passes upwards and is attached to the anterior part of the 
cranium by membranous attachments on either side of the oeso- 
phagus and buccal framework, at the point where the anterior 
apophysis of the mandible engages with the clypeus. 

At the posterior end of the bar in front of the maxillipedal 
sockets it is joined on each side by a large sclerite which super- 
ficially appears spoon-shaped, the bowl facing backwards on each 
side of the median bar and handle curving back to join the head 
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just behind the genal fossa. The paired structure is the cdar bar 
(aLhar)ot Lloyd, and it has been pointed out above that it is a 
chifcinisation of the upper edge of the deep crease which is 
a ventral continuation of the occipital groove. In the spoon- 
like concavities at the medial end of the bars originate the 
maxillipedal muscles. 

It has been stated above that maxillipedal elements enter into 
its composition, as is shown by a comparison of the condition in 
Ligia , where only the posterior margin of the maxillipedal 
socket is defined by a sclerite, and in Idotea , Glyptonotua , and 
Bathynomua^ where it is also defined anteriorly, so that a 
distiuct though vestigial sternite is present. 

The maxillary arthrophragm (rnx'.scL) originates from the 
alar bar at its narrowest part and runs inwards, bound up with, 
but distinctly separable from, the bar until it turns forwards and 
reaches the level of the branches to the paragnaths. It then 
becomes separate from the median bar and curves backwards to 
return to its point of origin, but instead of rejoining the alar bar 
it turns sharply upwards to the internal skeleton of the head. 
This incomplete circle forms the base of the membranous attach- 
ment of the maxilla?. 

At the anterior end of the median bar, just before the two 
diverticula enter the paragnaths, a sclerite with a knob-like end 
is movably articulated with each diverticulum, but held in place 
and limited in movement by a chitinous connection with the 
skeleton of the paragnaths. It passes laterally outwards almost 
at right angles to the median bar, diverges from the paragnath 
skeleton, and turns sharply downwards to become attached to the 
inner (anterior) face of the inner endite of the maxillula 
(wwshsrf.). At the sharp bend there is a notch which appears 
to allow a hinge-like motion and just beyond the bend a slender 
sclerite is given off which passes to the lateral border of the 
inner endite and defines its free distal portion. This maxillulary 
sclerite forms the anterior boundary of the maxillulary socket, 
which is bounded medially and behind by the maxillary sclerite 
and the maxillary pterygoid process and laterally by the lateral 
pterygoid process and the mandible. Schobl figures this sclerite 
in Haplophthalmiua and Dollfus in PorceUio and Armadillidium, 
and the author has found it in every Isopod examined, but it is 
not figured or described in other accounts and may have been 
missed. Its function will be dealt with in connection with the 
muscular system. 

Endopkragmal Skeleton (PI. II. figs. 3 <fc 4). — The endo- 
phragmal skeleton of the head seems to differ considerably from 
that of Glyptonotua , and it is difficult to follow Tait’s account 
from the structures in Ligia, or, for that matter, to correlate it 
with Lloyd's account of Bathynomus, which approaches Ligia 
more nearly. 

The skeleton in Ligia arises from a slit-like invagination on 
each side of the ventral surface immediately in front of the alar 



MORPHOLOGY OF THE 1SOPOO HEAD. 


899 


bar. The soft integument is drawn inwards and slightly forwards 
to form on each side a cone, very much flattened antero -posteriorly, 
and with its lateral and medial edges strengthened by stout chiti- 
nisations. Of these four calcified chitinous bars the two lateral 
{inferior lateral pterygoid processes , in flat. ply.) are attached to 
the side-wall of the cranium immediately anterior to the point 
where the alar bar and groove pass into the occipital groove. 
Lloyd conjectures that in Bathynomus they are “ derived from ” 
the alar bar, but this is not so in Ligia, and is in any case 
unlikely. The two medial {maxillary pterygoid processes, mx 2 .pty .) 
pass inwards and downwards as it to join the alar bar, but 
becoming continuous with the maxillary sclerite, as described 
above, they really are only held in position by the spring-like 
action of this almost spirally-twisted bar. 

Running in the anterior wall of the w cone ” is the proximal 
segment of the maxillula ( mx l .bas .), which passes upwards and 
expands to become firmly fused with the maxillary pterygoid 
process just before it joins the lateral pterygoid process at the 
top of the cone. The appearance from behind is rather like a 
three-legged easel draped with semi-transparent muslin. 

By the nature of their origin the two pterygoid processes are 
semi-tubular, but at the top of the cone the half tubes join to 
form a single tubular rod passing forwards which expands back- 
wards and forwards into a thin chitinous plate, which in the 
natural position of the head is almost parallel to the ground 
(PI. II. figs. 3 tfc 4 ; text-fig. 6, st.al.). A shallow groove marks 
off an anterior from a posterior portion of the plate. The whole 
structure on both sides forms an irregular table, the anterior 
portion of which is well suppor ted by the pterygoid process and 
the posterior part membranous and ill supported. It may be 
called by Lloyd’s name, the sternal aloe. 

The hind border of each sternal ala is curved downwards and 
ends in two points, tire lateral one of which is attached to an 
exceedingly slender rod arising from the alar bar. Each is also 
curved downwards along its medial border, which is almost 
linear, and the borders are united by fibrous material, so that 
the combined ahe form a platform on which the gizzard rests and 
underneath which the nerve-cord runs. The anterior edges of 
the alae are also reflected downwards and bear a light tendinous 
process ( pr.al .) on each fide, which passes in front of the great 
adductor tendon of the mandible and gives origin to a group of 
six small muscles, which spread out and are inserted on a line 
just below the posterior apophysis of the mandible on its inner 
surface. Both alse have the anterior medial margin excavated 
so as to form a U-shaped depression to allow of the passage of 
the oesophagus, On either side of the oesophagus two chitinous 
rods arise from the anterior margin which pass almost vertically 
upwards to become attached by a fan-shaped insertion to the 
inner surface of the vei'tex immediately above the frontal line 
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just to the inner side of the eyes. The point of attachment is 
marked on the exterior by a slight depression * ( p\ph .). 

Thes * pharyngeal processes hold the sternal alae in the front 
and take the strain of the adductors of the maxillube and 
maxillie which originate from them. 

By the nature of their development all the structures described 
above consist of a double layer of chitin. 

The median ventral bar in Ligia shows no trace of the seg- 
mentation observed in Bathynomus and Glyptonotas. In the 
figure of the sternal structures of Bathynomus , Milne-Edwards 
and Bouvier (1902, pi. iv. fig. 9) identify the sternites of the two 
maxillary and the maxillipedal somites by this segmentation, but 
the figure does not give any confidence as to the accuracy of this 
determination. The mandibular sternite is identified with a 
narrow bar on each side, which can be almost exactly paralleled 
in Ligia in position and shape by the maxillulary sclerite. The 
authors were bound to seek the mandibular sternite here, as they 
had identified the clypeus as the antennary sternite, but if this 
parallel with Ligia is correct it is certainly an error, and it must 
in any case be extremely doubtful. 

It remains to discuss the morphology of the structures 
described above. It has been suggested that the alar bar is 
homologous with the endosternite between maxillary and maxilli- 
pedal somites, but it is more difficult to suggest any homology 
for the remainder of the endophragmal skeleton. It obviously 
belongs to the two maxillary somites, as it is found in that 
position and is the origin of the adductor muscles of the 
appendages. 

Its development as a paired invagination on each side, and the 
fact that the invagination is continuous with the crease on which 
the maxillary sclerite runs, suggests that the crease is in the 
position of a dividing apodeme between maxillulary and maxil- 
lary somites, and when it is recollected that the appendage of 
the maxillulary somite has passed to the outer side of the maxilla 
the fl-shaped line of division between the somites becomes intel- 
ligible. It is also obvious on this hypothesis that the maxillary 
sclerite (the anterior sternal margin of the socket of the maxilla) 
should be continuous with the maxillary pterygoid process and 
not with the alar bar. 

If .this interpretation be correct, the endophragmal structures 
arising from the crease may be looked upon as the endosternite 

* It will perhaps save confusion to readers of Tait’s paper to point out here that 

he has misread Lloyds description of these structures. Lloyd clearly means by 
“ anterior portion of the plates ” the structure described above by a similar term and 
what Tait seems to call the ** alar plate,” and he rightly asserts that this anterior 
portion gives origin to , muscles of the foregut. He goes on to refer to the chitinoua 
rod* described above a* forward continuations of the autevior portion of the plate, 
which Tait calls the “ pharyngeal processes *' (a term which will he adopted). Tait, 
however, credits Llovd with meaning by “anterior portion of the plate “ his 
“ pharyn areal processes “ and with asserting that these slender burs give rise to fore- 
gut muscles, an interpretation which is certainly erroneous. 
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(characteristically not united in the mid-line) dividing these two 
somites. It would then be on all fours with the maxillipedal- 
maxilJary endosternite (the alar bar) in forming the origin for 
the adductor muscles (in the mnxillipede, however, named 
“ flexor ”) of the appendages. The abductors are fixed to the 
inner side of the cranium, which presumably contains the lost 
pleural elements of those somites. 

7 . The Appendages and their Musculature. 

Appendages . — The general structure of the appendages of 
Ligia oceanica has been dealt witli frequently, and it would be 
unprofitable to redescribe them, but some comments must 
be made with respect lo their morphological structure. Hansen 
lias pointed out (1890, 1925, etc.) that, three segments can often 
be recognized in the protopodit-e (“sympod”) of the limbs of 
many Crustacea, and has interpreted the basal segments of the 
mouth-parts of a number of isopods from this point of view. 

The antenna of Ligia , as be has pointed out, has a selerite 
which be interprets as the pnvcoxal segment (PI. III. tig. 9 ; p.cx.), 
inserted at its base on the upper and outer side behind the coxa. 
This segment is not prominent on the outside of the head, hut it 
is prolonged within it, to form a large tendinous attachment, for 
muscles. 

The maxilluhe have a curiously modified base in connection 
with the peculiar mechanism of their movement, dealt with below. 
A figure of the same appendage of Jdotea pelagica is given for 
comparison (text-fig. 8). It will he seen that Jdotea, in common 
with the examples figured hy Ilansen, has three well-masked 
basal segments, from two of which, the pnecoxa (p.cx.) and basis 
(has), endites arise. The pnecoxa articulates freely with the 
maxillary pterygoid process which is not curved back in a spring- 
like form. The pnecoxa 1 endite (end 1 .) articulates with the 
priecoxa by a broad condylar surface. The coxa (cx.) is on the 
way to become vestigial, but it still supports the basis and its 
large endite (end'.). 

In Ligia oceanica pnecoxa and coxa are indistinguishably fused 
together (this view is preferable to believing in the disappear- 
ance of the coxa) to form a hammer-shaped selerite (mx\bas., 
PI. III. figs. 5 & 6), which is fixed at its handle-end by a fan- 
shaped junction to the maxillary pterygoid process (mvf.pty.). 
It is therefore capable of no independent motion. 

The prfecoxal endite (end 1 .) is articulated to the basal selerite 
with great freedom and does not work in a socket. Rather it 
see-saws on a fulcrum formed by a projecting knob of the selerite 
working in a condylar surface a short distance from the proximal 
end of the endite, to which it is loosely bound by a membranous 
attachment. The supporting selerite of the endite is curved 
under the condyle formed by the basal selerite (PI. IV. figs. 12 
to 15), The object of this arrangement, will he appreciated wdien 
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the muscles of the maxillula are considered, but it may be re- 
marked here that the endites of this genus have a considerable 
power of independent motion, although the structure of the 
appendage in Glyptonotua makes it obvious that Tait is correct 
in attributing “little independent movement of the one lobe 
relatively to the other.” 

Just at the base of the broadened head of this endite (i. 
where it projects freely beyond its investing membranes), on the 
anterior (inner) aspect, conies off the slender rod (the maxillulary 
sclerite) which articulates with the median bar (mx'.scl., fig. 5). 


Text-figure 8. 



Idotea pelagica. Left maxillula from the posterior (lower) aspect. 

The position of this sclerite makes it tend to oppose an adductor 
motion of the endite. 

The endite of the basis moves freely on the basal sclerite on 
the broad condylar surface that is usually found. 

The range of action of the whole appendage is limited ante- 
riorly (above) and laterally by the paragnaths and mandibles, on 
the medial side by a projecting chitinous pad from the median 
bar and the medial edges of the maxill®, and posteriorly 
(below) by the maxili®, which form shallow gutters tightly 
enclosing and guiding the maxillulee. The whole appendage is 
capable of free up and down movements in its gutter, but little 
real lateral movement. 

The outer endite during feeding it very active and moves 
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rapidly backwards and forwards, taking the greater part in 
stuffing the food into the mouth. 

The basal segments of the maxilka are similarly modified by 
the apparent fusion of pnccoxa ami coxa into a single sclerite 
(mx 1 .has., PI. III. fig. 7, PI. IV. fig. 16). The basis is entirely 
membranous, its endite weak, scarcely separated from the coxal 
endite, and not subdivided. The coxal endite is strongly 
developed. 

The appendage is incapable of much movement, but the slight 
movements of adduction and abduction are pivoted on the basal 
sclerite. It seems to take no active part in ingestion of food. 

The maxillipedes show no trace of the segment interpreted by 
Hansen as the praecoxal in some other lsopods. The coxa) are 


Text-figure 9. 



Idotea pelagica. Right maxilla from the posterior (lower) aspect. 


articulated to the maxillipedal bar and the bases are bent at right 
angles to them. It is important to uote that the coxal segment 
is distnlly rounded, so that the basis can rock upon it (text-fig. 7 ; 
PI. III. fig. 8). Each mnxillipede is capable of an upward and 
downward and a slight lateral movement of this joint. The 
epipodite is not. subdivided and forms a stiff shield over the base 
of the maxilla. The maxillipedes move little in themselves 
while feeding, but the endopod has considerable mobility and acts 
as a tongue for licking soft food towards the maxillulae. 

The mechanism of the mandibles has been adequately described 
by Tait, and there is nothing to add for this genus to that 
account. 

Musculature . — There does not seem to be an account of the 
muscles of the head of any Isopod, but they are important as 



904 


1>R. 11. G. JACKSON ON THE 


regards their influence on the outside markings of the head and 
interesting for their peculiar mechanical action. All the more 
powerful muscles and some smaller ones cause the surface to be 
indented at their point of origin. Thus the genal fossie mark on 
the outside the origin of the great antennal muscles, the post- 
orbital pits the line of origin of the adductors of the mandibles, 
a number of small pits on the mandible mark the insertion of 
the muscles from the membranous attachment of the sternal alas, 
and deep grooves in front of the eye mark the point of attachment 
of the pharyngeal processes of these alee. On the mechanical 
side Ligia oceanica is remarkable for its disregard of the usual 
principle of the vertebrate, which it has almost become a habit to 
assume for all, that every muscle has another muscle as its 
potential opponent. The adductor muscles of the mouth-parts of 
Ligia are large and powerful, but the abductors are out of all pro- 
portion weak and difficult to find. This weakness is compensated 
for by the mechanical “spring” devices that have been mentioned 
in connection with the skeletal parts. 

The following account is believed to be complete as regards the 
muscles of the appendages, but it was considered unprofitable and 
outside the main objective of this paper to describe a number 
of small muscles in connection with the (esophagus and u gizzard.” 

The muscles of the Antennulat are small and of no importance. 

The Antennae are moved by a large number of muscles with a 
somewhat complex action which allows of a wide range of motion. 
From the inner surface of the genal fossa on each side a wide 
band of muscles passes forward over the mandible between its 
adductor and abductor tendons to be inserted on the pnrcoxal 
and coxal segments. The most dorsal of them is the levator 
superior (PI. III. fig. 9, lev.sup.ant .), which is a very stout 
muscle inserted on the upper side of the internal production of 
the pnecoxa ; the levator inferior (fig. 9, lev infant.) lies under 
superior and originates to its medial side. 

The adductor obliquus (figs. 9 & 10, add.obl.ant>) originates 
further to the medial side of the levators and is inserted on the 
upper side of the base of the coxa. It' moves the segment sharply 
upwards and inwards. The depressor (PI. III. fig, 10; PI. IV. 
fig. 11, dep.ant.) originates beneath levator and is inserted on 
the under side of the base of the coxa. It acts in effect as the 
opponeutof levator, although inserted on a different segment. 

The main adductor muscle (adductor inferior , figs. 9 k 10, 
add.inf.ant>) consists of a number of muscles arising from the 
inner face of the pnecoxal extension, on the outer face of which 
the levators are inserted. It is inserted on the coxa. The 
abductors are three in number. The abductor lateralis (fig. 10, 
abd.lat.ant.) has curious origin on the prtecoxa on the opposite 
face to that of th&, adductor inferior. It passes through the coxa, 
twisting underneath the incompletely calcified praecoxa, to its 
insertion on the outer (lateral) side of the proximal part of the 
basis. The abductores intermedins (abd.int.ant.) and medialis 
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{( abd.med.ant PI. IV. fig. 11) originate on the maxillary bar 
— the latter on a tendinous attachment — and pass beneath the 
abductor lateralis to a similar insertion below it on the basis. 
The independent and combined action of these muscles provide 
for a considerable range of motion, but their action is sufficiently 
clear from the figures to make a detailed description unnecessary. 

The Mandible . — The adductor has a very extended origin on 

Text-figure 10. 




Diagrammatic representation of the mode of action of the outer endite of the 
maxilluhi. The movement* are reduced to one plane and the independent 
action * of the maxillary pterjgoid process ignored. A, adduction; 13, 
abduction. 

the inside of the cranium around the eye and almost to the mid- 
line between the eyes, and on the surface of the tergal ala). Its 
tendon is a great fan-shaped structure prominent in preparations 
of the skeleton (PI. II. fig. 3, ten.add .). The abductor is a group 
of four small muscles, two of which originate on the most dorsal 
portion of the tergal alse, one on the marginal line immediately 
behind the eye and another at the postero-medial angle of the 
eye. The small tendon is attached near to the posterior apophysis 
(PL II. fig. 4, tm.abd.). 
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The Maxillula . — Outer {basis) endite : The powerful adductor 
(text-fig. 10 ; PI. IV. fig. 12, add.mx l .ext.) originates on the under 
surface of the sternal ala of its own side and takes up most of the 
ventral surface of the structure. It runs downwards and back- 
wards, becoming more compact, and is inserted in the fossa at the 
medial border of the endite. The abductor (abd.mx 1 .ext.) consists 
of two or three muscles which originate widely on the front edge 
of the lateral tergal ala. The narrow bands approximate as they 
pass downwards and a little forwards to their insertion at the' 
lateral side of the adductor. Movement of this endite, whichis 

Text-figure 11. 



Diagrammatic representation of the mode of action of tho inner endite of the 
maxillula. The movements aro reduced to one plane and the maxillary 
sclerite is represented as a simple “ spring ” and its “ hinge ” motion ignored. 
A, adduction ; B, abduction. 


very. vigorous, involves movement of the whole appendage, hence 
the adductor may be considered to act for both endites as far as 
a general forward and inward movement is concerned. Similarly, 
the weak adductor opposes it for the whole appendage, as will be 
explained below. 

However, the inner (prcecoxal) endite has independent move- 
ment. Both adductor (figs. 12 k 13, add.mx\ini.) and abductor 
originate on the ventral surface of the tergal ala of its own side. 
The former is a relatively powerful muscle, which is inserted to the 
distal side of the articulation of the endite with the basal sclerite. 
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It works against the maxillulary sclerite, which tends to bring the 
endite back into position and thus aid the weak abductor. The 
abductor (PI. IV. figs. 12 to 15, abd.mx 1 Ant.) consists of four or 
five bands of muscle, which are inserted on the knob-like proximal 
extremity of the endite below the glenoid cavity for the 
reception of the process of the basal sclerite. The opposing 
muscles therefore rock the inner endite on the fulcrum provided 
by the basal sclerite. The maxillulary sclerite, besides aiding 
abduction, helps to hold the endite away from the head and 
keeps the condylar surfaces between the basal sclerite and the 
endite in close opposition (text-fig. 11). 

The basal sclerite has a number of muscles of its own ( fi.bas . 
mx,\ PL* III. fig. 6). These originate as parallel bands from 
the sternal ala just beyond the point where the maxillary 
pterygoid process and the lateral pterygoid process meet, and 
are inserted on the distal end of the basal sclerite. Another 
muscle ( dep.mx . l ) originates on the tergal ala and is inserted 
on the lateral part of the basal sclerite. This muscle tends t© 
raise the proximal end of the appendage and thus depress its 
distal end, an action which is opposed by the adductor which 
acts upwards as well as forwards and inwards. The other muscles 
are only intelligible taking into account the movement of the 
entire appendage. 

If a macerated cranium be taken and the flesh cleaned out of 
it by gentle washing, the skeleton appendages lie free in their 
normal positions. If now a fine needle be inserted into the 
adductor fossa of the outer endite and the appendage drawn 
forwards in its groove and then released (see p. 902), it will 
spring smartly back to its former position by virtue of the action 
of the semi-spiral maxillary bar and the flexion of the basal 
sclerite itself. In the living animal the adductor takes the place 
of the needle, but the spring resistance of the maxillary sclerite 
and the basal sclerite is strong and the adductor is aided in over- 
coming it by the bands of muscle which pass down the anterior 
face of the basal sclerite and come into play immediately it tends 
to be bent in their direction (text-figs. 6 & 10). (It should be 
noted that the terms “ adduction ” and “ abduction” are necessarily 
used loosely in connection with the oral appendages. The sickle 
shape of the outer endite makes approximation of the biting-tips 
possible by a forward movement of the whole appendage, con- 
sequently the adductors assert a forwards and inwards and not 
merely an inwards pull.) 

The diagrammatic representation of this action (text-fig. 10) 
necessarily reduces the movements to one plane and does not take 
into account the maxillary sclerite on the medial side of the 
appendage* This is so placed as to tend to draw the proximal end 
of the appendage towards the mid-line when the basal sclerite is 
bent forwards and thus withdraw the curved outer endite along 
Its groove in a more effective fashion than would be possible with 
a straight backwards pull, 

, Fnoc. Zooh* Soo* — 1926, No* LIX* 59 
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The Maxilla (PI. IV, figs. 16 & 17). — The musculature of tins 
appendage is weak and it is capable of little active movement* 
It has undergone further degeneration in this genus than in 
related marine Isopods and is little more than a sheath for the 

maxillula *. 

The adductor (add.mxf) consists of three muscles originating 
close together on the medial edge of the sternal ala and divari- 
cating to their insertion on the sclerito in the fossa of the 
appendage. The abductor (a&cLma?. 3 ) is a single muscle-band 
which originates on the posterior margin of the inner side of the 
genal fossa. It runs inwards and backwards looping round the 
lateral and medial pterygoid processes of the sternal ala of its side, 
and then passing forwards and downwards under the alar bar to 
its insertion in the maxilla about halfway up the lateral border 
of its supporting sderite. This curious circuitous course seems 
to have been brought about by the backward migration of the 
maxillula and the endophragmal structures in connection with it 
in Ligia , which have come to lie on the outer side of the 
maxilla. The abductor, which would otherwise have an open 
route from the lateral wail of the cranium, is pushed back by the 
pterygoid processes until it comes to lie in an impression in the 
ohitinous investment of these processes, as in a pulley surface 
(Pl. IV. fig. 17). 

The effect of these muscles is to rock the maxilla on a fulcrum 
formed by the attachment of its basal sderite to the alar bar. 

The MaxtUipede is capable* by its position, of downwards (and 
backwards) motion, but no muscle is provided for this movement, 
stnd it can only be effected bv relaxing the large flexor muscles 
and thus allowing the appendage to drop. In practice the animal 
seems only to allow it to fall when it is using the endopod and 
basal endite like a scraping tongue, but it is usual in ill-preserved 
specimens in which the muscles are soft to find the appendage 
hanging loosely. 

The flexor (fl.matp., Pl. IV, figs. 18 & 19) is a group of large 
and powerful muscles which have their origin on the alar bar in 
the concavity at the side of the median bar. They pass almost 
directly downwards, and are inserted on the inside of the basis and 
coxa by a broad insertion. It has been pointed out above that 
the basis is capable of moving laterally on the coxa. This action 
is brought about by two abductors {abdmoep., figs. 8 k 19) which 
originate on the maxillipedal sderite at the point where the 
lateral margin of the coxa joins the bar and pass obliquely 
medially to be inserted on the inside of the tnaxiuipede, one on 
the anterior (inner) face and one m the posterior (outer) face. 
There is no direct opponent of these muscles, and adduction is 
effected indirectly by the flexor. 

* Ho light WE# thrown upon its notion bjr removal of the maxillipede# of living 
specimens. Thom reoovered from the operation and lived for tome new, hut eovdd 
not he tempted to fetd even on attractive no ft food (ettohateoft me of hotting) 
without the aid of iks maxiilipede, and finefijr lid of starvation. " W 
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8. Comparative Terminology . 


Terms employed in this paper for the 
external features. 

Ante unary tubercle. 

Olypeus. 

Frontal lamina. 

Frontal lobe. 

Frontal line. 

Gena (Entomol.). 

Genal fossa (n. nor.). 

Genal groove (n. nov.). 

Interocular line (n. nov.). 

Labrura. 

Lateral lobe. 

Lateral process (clypeus) (n. nov.). 

Marginal line. 

Maxillipedal somite. 

Occipital groove (n. nov.). 

Postfrons (n. nov.). 

Postgena (Entomol.). 

Postocular pit (n. nov.). 

Postfrons (n. nov.). 

Supra-antennal line (n. nov.). 

Vertex. 


Usage of other authors. 

Many authors. 

Many authors. 

Mesepistome P (I)olf.), and many authors. 

Many authors. 

Linea frontalis marginalia. B. L. and 
many authors. 

Epimerienne (Dolf.). (Portion of pleural 
plate.) 

Fossette pleurale (Dolf.). 

Many authors. 

Many authors. 

Processus en corne (Dolf.). Clypeus ad 
latent lobatus (B. L.). 

Linea marginalis verticalis (in part) 
(B. L.). 

Cervical groove of some authors. 

Prosepistome? (Dolf.). Epistome (in 
part.) (B. L.). 

Episternal (Dolf.). (Portion of pleural 
plate.) 

Prosepistome? (Dolf.). Epistome (in 
part) (B. L.). 

Linea transversa epistomatis (B. L.). 

Frons (B. L.). 


Summary. 

1. The external and internal features of the head of Ligia 
oceanica are described, and a terminology proposed for them and 
for similar structures in all terrestrial Isopods. 

2. The 1st thoracic somite is shown to be distinctly demarcated 
from the bead in this genus. 

3. The “ maxillosternal ” framework and the endophragmal 
skeleton is described and its morphology discussed. 

4. The mechanism and structure of the appendages of the head 
is described and compared with that of other Isopods. 

5. The musculature of the head is described and its bearing 
on the form of the head and mechanism of the appendages is 
discussed. 
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Abbreviations used in Text-figures and Plates . 

a6d.i*f.a*t.» abduetor intermedius j lev, inf. ant .** levator inferior antennaris. 

antennaris. j t e „,s U p.ant. * levator superior antennaris* 
abd.lat.ant ,** abductor lateralis j =supra.ameniml line. 

j hn.fr .** frontal line, 
i Un.marg.** marginal line. 
lin.oc . **interocular line. 


antennans. 
abd.mand. **■ abductor mandibularis. 
«6d,»ned.a»t. —abductor medius 

antennaris. 

a bd.mx'.ext . — abductor maxi 11 ularis 

externis. 

abd.m a? 1 .int. — abductor maxillulari* 
a bd.mx 2 .** abductor maxillaris. [iuternis. 
«6d,m;rp.*=abduetor maxillipedaris. 
add.inf.ant. ~ adductor inferior 

antennaris. 

add.mand. ^adductor mand ibularis. 
add.mx 1 .ext. — adductor maxillularis 
• externis. 

add.mx 1 . int . * adductor maxilluiariB 


mand. » mandible. 
me A. b , » median bar. 

maxillary bar. 
wa* 2 .* maxilla. 

fH.ri.6as.® basal sclerite of maxillula, 
mxKext.^ external endUe of maxillula 
(of basis). 

nnri.tnf.® internal endite of maxillula 
(of prsDcoxa). 

wwher/.wmaxillulary sclerite. 

basal sclerite of maxilla. 


add.mx *. = adductor maxillaris. [iuternis. 1 *na: 3 .pty.= maxillary pterygoid process. 


add.obl.ant. —adductor obliquus 
oi.4«r.=alar bai'. [antennaris. 

a«^.=»antennule, 

<ro*.te5.«antennary tubercle. 

60s. ““basis. 

<dp.—clypeus. 
ear, * coxa. 

dep.fmtf. *=> depressor antennaris. 
dep.mx 1 .** depressor maxillularis. 
muI 1 . “^endite of prsecoxa. 
ewcP.a. endite of coxa. 
end 8 .— endite of basis. 
ep.»M?p.«epipodite of maxillipede. 
Jt,ba*>mx\ —flexor basalis maxillularis, 
Jt.tnxp. — flexor maxillipedaris. 

/ba*g«n.— genal fossa, 
jfa— poetfhms. 
pen.— gena. \ 
genal groove* 

iqfMt.ptjr. — inferior lateral pterygoid 
tel-labrom* [prooesa. 

fam.fr , — f ro n ta l lamina* 


im# 5 .*?/.— maxillary sclerite. 

: «tj»p.sof.““maxillipedal sclerite. 
occ.gr. ** occipital groove. 

1 p.ca\— praecoxa. 

1 y>.pos£oe.*“po«tocular pit* 
i p/^profrons, 
j 2 >p*-paragnafch. 

; postgen a, 

; superior tendinous process of the 

sternal ala. 

i lateral process of clypeus. 

; j>#\pA.*pharyngeal process of the sternal 
i aom.wfl^.wmaxillipedal somite. W*. 

, sp. “median spine of frontal lamina. 

I sternal ala. 

! tew.a&d.— tendon of abductor 

[mandibularis. 

ten. odd. —tendon of adductor 
fer.*l.-tergal ala. [mandibularis. 
#— fissure between maxillipedal somite 
; and cephalon where Occipital groove 
i pane* to ventral surface of bead. 
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EXPLANATION OF THE PLATES. 

All figures are oi Ziff ia oceamcci, The author wishes gratefully to acknowledge 

the assistance ot Miss Lilian ltussell, M.Sc., and Mr. Frank Forty in the preparation 
of Plates Land II. y y 

Plate I. 

Pig. 1. Front view of the head. 

Fig. 2. Lateral view of the head. 

Plate II. 

Fig. 3. Internal skeletal structures of the head as seen from behind (looking into 
the “ foramen magnum ”). 

Fig. 4. Internal skeletal structures of the head viewed from the dorsal surface. 

The whole ot the dorsal surface of the head-capsule has been removed 
and the sternal ala of the left side has been cut away. 

Plate III. 

Fig. 5. Right maxillula viewed from anterior (inner) aspect. 

Fig. 6. Basal sclerite of maxillula with muscles and attachments viewed from 
behind. 

Fig. 7. Lett maxilla and attachments from posterior (outer) aspect. The nearer 
arthrodial membrane is showu by cross lines running obi iquely upwards 
to the right, the farther by reverse lines. 

Fig. 8. Left maxillipede \iewed from posterior (outer) aspect. 

Figs. 9, 10, & 11. Successive dissections of the muscles ot the antenna. 9, viewed 
from above in situ ; 10, the levators have been removed and the 
adductor obliquus turned aside. The dorsal faces ot pruecoxa, coxa, and 
basis have been cut away ; 11, adductor interior and obhquus and 
abductor lateralis removed, pnecova and coxa further cut awaj . (See 
Plate IV. for tig. 11.) 

Plate IV. 

Fig. 11. (For description see under Plate III. above.) 

Fig. 12. Right maxillula from posterior (outer) aspect to show the muscles. 

Fig. 13. Base ot the inner (prtecoxal) endite of same from posterior (outer) aspect 
to show r muscles : detached from basal sclerite. 

Fig. 14. Base of the same from medial aspect. 

Fig. 16. The same from anterior (inner) aspect. 

Fig. 16. Left maxilla from anterior (inner) aspect to show muscles (the abductor 
turns out of the plane of this figure). 

Fig. 17. Structures of right latero- ventral corner of the head viewed from behind 
to «how the course ot the abductor maxillans. 

Fig. 18. Lett maxillipede viewed from the medial aspect to show its muscles. The 
alar bar and maxillipedal sclerite have been cut through. 

Fig. 19. The same viewed from the anterior (inner) aspect. 
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45. Contributions to the Development of the Pelvic Girdle r 
I. — The Pelvic Girdle in the Butrachian Menopoma 
alleghanieme Harlan. By James W. Low, B.Sc. r 
F.Z.S., Department of Zoology, University of Bristol. 

[Received March 0, 1926: Read April 27, 1926.] 

(Text-figures 1-4.) 

The present paper consists of a description of three stages in 
the development of the pelvic girdle of Menopoma . The material 
consisted of embryos, 27 mm., 32*5 mm. and 38 mm. respectively, 
for which I am indebted to Professor F. H. Edgeworth and Dr. 
W, D. Henderson. Transverse sections (10^) were cut of the 
hinder portions of these and reconstructions of the pelvic girdles 
made by the wax-plate method. The pelvic nerves of the 
32*5 mm. and 38 mm. embryos, and in the latter case also the 
muscles having their origin or insertion in the pelvic region, were 
reconstructed. 

The Pelvic Girdle in the 27 mm. Embryo. (Text-fig. 1.) 

At this stage the pelvic girdle consists of two distinct halves* 
each of which is composed of a stout ventral portion and an 


Text-figure 1. 



Drawing of model ( X 100) of right half of pelvic girdle of 27 mm. embryo. Lateral 
aspect, wale f approx. The thin area of the cartilage it indicated that 

S tBy directed slender process. These two cartilages are in- 
to o no another at an angle of about 105 c , so that they form 
a wide V-shaped structure, lying dose to tiife ventral body-wall. 
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Each half forms a definite mass of cartilage in which a dorsal 
iliac region, an anfcero-ventral pubic region, and a postero- ventral 
ischial region are roughly indicated, and the girdle will be de- 
scribed according to these regions. It should be noted, however, 
that there is no discontinuity in the cartilaginous mass and the 
regions are mainly based on comparisons with other forms. Each 
cartilage bears on its outer size, at about the middle of its length 
and below the point of origin of the iliac process, a shallow 
depression, the acetabulum, with which the femur articulates. 

Fossa acetabuli : 

The acetabulum consists of a shallow depression, facing ventro- 
laterally, on the outer side of each cartilaginous mass. It lies in 
the area of union of iliac, ischial and pubic regions, and, in my 
opinion, a portion of each of these takes part in the formation of 
the acetabular surface. The acetabulum is marked off from the 
pubic and ischial regions by fairly prominent ridges and less 
noticeably marked off dorsally, where the acetabular surface is 
continuous with the outer surface of the ilium. In its hinder 
part the acetabulum is indented by a deep notch, the acetabular 
portion of the large ilio-ischiadic notch which lies between the 
iliac process and the ischial region. This notch reaches inwards 
towards the centre of the acetabulum and from about this point 
the cartilage is thinned out in a line passing forwards and up- 
wards to another (ilio-pubic) notch, probably marking the anterior 
limit of the iliac region. 

Eegio iliaca : 

The iliac portion of the cartilage consists of a rather flattened 
prong- like process arising dona) to the acetabulum and projecting 
obliquely upwards, backwards and outwards, with its anterior 
limit probably indicated by the thin region of the cartilage re- 
ferred to above. The inner surface of this process is slightly 
concave from its attachment to its free posterior end, and the 
process rather oval in section. The outer surface curves gradually 
at its lower end into the acetabular surface. The anterior border 
is narrow and rounded, and slopes downwards from the free end 
to a wide shallow notch which separates it from the dorso-lateral 
border of the pubic region. The posterior border is broad and 
rounded and slopes downwards and forward, bounding the ilio- 
ischiadic notch dorsally, to the acetabular portion of that notch, 
where it is much thinner. 

Begio ischiadica : 

The ischial region consists of a mass of cartilage broad an* 
teriorly, in the acetabular legion, and tapering towards its caudal 
end. The acetabular portion is triangular m section, with the 
epex directed obliquely upwards. The dorsal surface is smooth 
with a slight ridge anteriorly, which passes obliquely forwards 
across the surface from the apex of the ilm^pubii? notch to the 
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ventro-medial edge of the cartilage. The ventro-lateral surface 
is rounded and passes in front, laterally into the acetabular sur- 
face, from which it is separated by a slight ridge, and ventrally 
into the ventral surface of the pubic region. The dorso-lateral 
border is fairly broad and round, and extends from the ilio- 
ischi&dic notch to the free posterior end. The ventro-medial 
border is rounded and continuous with the ventro-medial border 
of the pubic region. 

Regio pubica ; 

The pubic region consists of a mass of cartilage lying in front 
of the acetabulum. It is somewhat triangular in transverse 
section, the apex being directed upwards. Passing forward from 
the acetabulum, the ventro-lateral angle is drawn out as a 
flattened wing-like projection forming a pubic plate, abruptly 
truncated in front. 

The dorsal surface of the pubic portion is smooth and is con- 
tinuous behind with the dorsal surfaces of the ischial and iliac 
regions, from which it is separated by a shallow groove, which 
probably indicates the hinder limit of the pubic region, lying in 
front of the ridge on the anterior end of the ischial region. The 
ventral surface, perforated near its centre by a small obturator 
foramen, is continuous with the ventral surface of the ischial 
region. The obturator foramen lies in a depression, and from it 
a shallow longitudinal groove runs forward to the anterior margin. 
The lateral surface consists of two aspects, an acetabular face and 
n pre-acetabular face, separated by a fairly prominent ridge 
bounding the acetabulum anteriorly. The acetabular face 
extends downwards from the notch separating iliac and pubic 
regions to the ventro-lateral margin of the acetabulum, forming 
part of the acetabular surface. The pre-acetabular face is tri- 
angular in area and slopes forward as far as the obturator 
foramen, which opens somewhat obliquely at its anterior edge, 
thus lying between the dorso-lateral margin and a wing-like 
expansion lying at right angles to the pre-acetabular face, in the 
same plane as the prolonged end of the dorso-lateral margin. The 
median border of the pubic region is rounded and is continuous 
behind with the median border of the ischial region. The ventro- 
lateral border forms an elbow at the lower edge of the ridge 
"bounding the acetabulum and passes forward as the lateral border 
of the pubic plate. The anterior aspect forms a small, somewhat 
dumb-bell-shaped area. 

A slight aggregation of cells in the mid- ventral line, in front 
of the pubic region and slightly ventral to it, may indicate the 
beginning of the primordium of the ypsiloid cartilage. 

The ventral surface of the pubo-ischium slopes upwards from 
the anterior border at an angle of about 30° to the vertebral axis. 
The dorso-lateral edge of the ischial region lies about parallel to 
that axis. 
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The Pelvic Girdle ik the 32*5 ux, Embryo. (Text-fig. %) 

As compared with the 27 mm. stage, very considerable develop- 
ment has taken place. The length of the girdle is about twice 
that of the younger stage, largely due to the formation of flat 
pubic plates. The girdle still consists of two distinct halves, but 
the angle between them is reduced to about 90°. The acetabulum 
is more completely formed. The oblique groove on the dorsal 
surface of the pubic region, which probably indicated its hinder 


Text-figure 2. 



Brewing of model (X 100) of pelvic girdle of 32*5 mra. embryo. Ventral 
aspect, scale t Approx. 

limit, has disappeared, so that the dorsal surfaces of pubic and 
ischial regions form R flat continuous surface. There is little, if 
any, trace of the ilio-pubic notch. Considerable changes have 
taken place in the ischial region, its post-acetabular portion being 
more plate-like and projecting backwards at a higher level than 
the ventral surface of the acetabular portion. The prixnordium 
of the ypsiloid cartilage has made its appearance in procartilage. 

Fossa acetabuli : 

The acetabulum has become deeper, faces more laterally, and is 
more definitely demarcated from the surrounding regions. The 
acetabular portion of the ilio-xschiadic notch is now filled up, the 
cartilage in the neighbourhood being greatly thickened, forming 
a fairly broad posterior ridge. This, together with a more ventral 
process of the ischial region, bounds the acetabulum posteriorly. 
The ridge is indented by a notch surrounding the head of the 
femur. Passing .forward from the upper end of this notch is an 
oblique ridge whim separates the outer surface of the ilium from 
the acetabular surface. In front of the anterior end of this ridge 
the acetabular surface passes dorsally into the dot^kteral 
margin of the iliac and pubic regions. Anteriorly the acetabulum 
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i» bounded by a ridge at the lateral edge of the acetabular face of 
the pubic region. This passes below into the elbow which forms 
the hind end of the lateral margin of the pubic plate. Below the 
acetabulum the ventro- lateral margin has become narrower and 
forms a slight rim, which is slightly concave from before back- 
wards. 

Regio iliaca : 

The probable anterior limits of the iliac region are no longer 
distinguishable at this stage, but, in my opinion, a small part of 
the flat dorsal surface of the whole ventral portion of the cartilage 
is probably formed by the iliac region, the prong-like process of 
which expands somewhat as it merges in the ventral cartilage 
above and behind the acetabulum. The iliac process has become 
somewhat flattened towards its free posterior end. Its upper 
border is consequently narrower at that end, but becomes broader 
more anteriorly and is continuous with the dorse-lateral border 
of the pubic region, there being little, if any, trace of the notch 
present in the earlier stage. The posterior border at its lower end 
passes into a fairly broad posterior surface, separated from the 
acetabulum by the ridge mentioned above. 

Regio ischiadica : 

This region has become much more distinctly differentiated 
into an acetabular portion, roughly triangular in transverse 
section, and a small quadrangular plate-like portion, flattened 
dorso ventrally, projecting backwards. These portions are 
separated ventrally by a pronounced transverse ridge. 

The ventral surface of the acetabular portion is continuous in 
front with the ventral surface of the pubic region. Behind the 
transverse ridge it curves sharply upwards and passes into the 
ventral surface of the ischial plate, which lies parallel to the 
vertebral axis. The ridge is prolonged laterally into a process 
bounding the post-acetabular notch below. The dorsal surface 
of the ischial region is continuous anteriorly with the dorsal 
surface of the pubic region and dorsally with that of the iliac 
region. The medial borders of the ischial plates of either side are 
more widely separated than are the corresponding borders of the 
acetabular portions, which are closely approximated in the mid- 
ventral line. 

Regio pubica : 

The pubic region of the girdle has greatly increased by the 
formation of two flat pubic plates in front of the acetabular 
region. The pre-aoetabular face of the lateral aspect of the 
earlier stage has now become antero-dorsal, forming a triangular 
face between the dorsal surface of the acetabular portion of this 
region and that of the pubic plate. The pubic plate is flattened 
dorso- ventrally, quadrangular in outline, and is thicker near the 
rounded lateral border, from which it slopes gradually inwards to 
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the narrower medial border. The anterior margin is flat and 
curves slightly backwards at the antero-median angle. At this 
point the two pubic plates are in procartilaginous continuity with 
a small cylindrical mass of procartilage lying in the mid- ventral 
line and slightly below the level of the ventral surface of the 
pubic region. This is the primordium of the ypsiloid cartilage. 

The Pelvic Girdle in the 38 mm. Embryo. (Text-figs. 3 A 4.) 

The girdle has only slightly increased in size as compared with 
the 32*5 mm. stage. Its total length shows a slight increase, but 
the relative proportions are somewhat different. The dorsal sur- 
faces of the cartilages of either side are now inclined to one 
another at an angle of about 60°, and the ventro- medial borders 
are more closely approximated in the m id- ventral line, especially 
in the acetabular region, where the ventral surfaces bulge down- 
wards. The pubic plates have increased slightly in length and 
are oblong instead of quadrangular, and the obturator foramina 
are relatively larger. The thickness of the cartilage in the 
acetabular region has increased slightly. The iliac processes are 
longer, and both the length and breadth of the ischial plates have 
increased. The ilio-ischiadio notch is wider. The acetabulum 
has not increased in size, but is more clearly separated oft* from 
the surrounding surfaces. 

Fossa acetabuli : 

The cartilage covering the back of the acetabulum js thicker 
and above forms a broad ridge or lateral surface of the iliac and 
pubic regions overhanging the acetabulum. Anteriorly the 
cartilage has also become thicker, so as to obliterate the elbow 
formed by the hind end of the lateral border of the pubic plate 
in the earlier stage. Posteriorly the lateral process of the ventral 
ridge of the ischial region has become more prominent. The 
small post-acetabular notch is still present. Below the acetabulum 
the ventro-lateral border of the pubo-ischium forms a slightly 
more prominent rim. 

Regie iliaca : 

The iliac process is relatively longer than in the 32*5 mm, stage, 
but the relationships of this region are practically the same as in 
that stage. The ridge bounding the anterior part of the ilio- 
ischiadic notch has grown out somewhat, so that the posterior 
aspect is narrower. Laterally this surface slopes forwards to the 
ridge which bounds the acetabulum and has now became more 
prominent, as has also the ridge across the outer surface of the 
lower end of the iliije process. 

Regio isebiadiea : 

This region has become drawn out posteriorly into two flat 
plates. These approximate more closely ip the mid^ventral line 
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than in the 32*5 mm, embryo, and the posterior border of each is 
slightly convex. The dorsal surface of the ischial region is con- 
tinuous anteriorly with the dorsal surface of the pubic region. 
On the ventral surface the transverse ridge has been obliterated, 
only the lateral portion of this remaining as a prominent process 
bounding the acetabulum l>ehind and, together with the more 
dorsal ridge of the iliac region, forming a wide post- acetabular 
notch, in which the head of the femur lies. 

Eegio pubica : 

The main alteration in the pubic region is the greater develop- 
ment of tile pubic plate, which is now a flat oblong structure 
with its long axis longitudinal. The antero-dorsal surface in the 
region of the obturator foramen is less marked, and the dorso- 
lateral margin of the acetabular region passes more gradually 
into the dorsal surface of the pubic plate. The two pubic regions 
bulge ventrally towards the middle line in the acetabular region, 
and their ventro-medial borders are very closely approximated at 
that point. By thickening of the cartilage, the elbow at the 
hind end of the lateral border of the pubic plate has been 
obliterated, this border passing more gradually into the ventral 
part of the acetabular surface. Anteriorly the antero-medial 
angles of the pubic plates are continuous with flattened pro- 
cartilaginous extensions, which merge with the cylindrical axis of 
the ypsiloid procartilage. This axis lies in the mid-ventral line 
and slightly ventral to the level of the pubic plates. Passing 
forwards the ypsiloid procartilage is at first nearly cylindrical in 
transverse section, but expands into two lateral wing-like pro- 
jections, which are widest anteriorly. The anterior border is 
slightly convex. 

Tiie Pelvic Muscles in the 38 mm. Embryo. (Text-figs. 3 & 4.) 

The muscles related to the pelvic girdle were reconstructed in 
the model of the girdle of the 38 mm. embryo and are described 
below. The muscles are as far as possible named with regard to 
their origins and insertions, except in the case of well-established 
names about which little doubt exists as to their homologues in 
other Vertebrates. The synonyms used by other authors are 
given in the table on pages 920 & 921. 

(A) The muscles passing backwards from the anterior end of 
the body which are inserted in the pelvic region are — 

M. rectus abdominis (pubo-thoracicus) : 

This consists of two narrow bands of muscle lying on either 
side of, and close to, the linea alba. Near the anterior pubic 
region each band is differentiated into two portions— -a ventral 
portion, the fibres of which are inserted into the anterior border 
of the pubic plate, and a dorsal portion, whose fibres are inserted 
as a IT. ypsiloideus posterior (Whipple, 15) into the stem of the 
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Terminology mtd in thii paptr. 

Osawa, 1901. 

Homkask, 1878-78. 

ns Mas, 1678. 

M. rectus abdominis (pubo- rectus abdomiuis. 
thoracicus). 

pubo-thoracicus. 


M. obliqnns externus (costo- obiiquus extemus. costo • abdominalis 
abdominals externus), externus (obiiquus 

extern us). 


M obiiquus internus (costo-' obiiquus internus. , costo-abdominalis 
abdominalis interims). i internus (obiiquus 

internus). 

***" 

M. ischio-caudalis . . ischio-caudalis. ischio-caudalis. 

- 

M. caudali-pubo-ieehio-tibialis ... eaudali-pubo- caudali-pubo- ! caudali • pubo* 

iscbiadicus. i ischio-tibialis. 1 iscbio-fcibiali*. 

M. caudo*femoralis caudo-femoralis. candali-femoralis. 

caudali-femoralis. 

M. pubo-ischio-tibUlis 

pubo-ischio-tibialis. 

pubo-ischio-tibialis. 

A 

i 

A 

i 

S 

PU 

M. ischio-flexorius 

ischio-fleroriua. 

ischio-flexorius. 

isebio-flexorius. 

M.pubo-ischio-femorslis externus. 

pubo-ischio- 
femoralifl externus. 

pubo-ischio- 
femoralis externus. 

pubo • ischio* | 

femoralis externus, 

i 

M. isebio-femoralie, a & (3 

iscbio-femorali*. 

iscbio-femoralis. 

iscbio-femoralis. 

M.pubo-ischio-femoralii internus, 

Part of caput jrabi- 
cum of extensor 
femoris biceps. 

pubo-ischio* 
femoral is internus, 

Pubo - iscbio- 
femoralis internus. 

11 pubo-extansorius 

Part of caput pubi* 
cum of Mextensor 
femoris biceps. 

apparently included 
in M. pubo-isebio- 
femoralis internal. 


j M. ilio-ertensorius- 

1 

i 

! 

ilio-extensorius. 

ilio - exten Bonus 
(in part). 

ilio-tibislis. 



ilio-femoralii. 

ibo-femorali*. 

ItiHo-femow-fibulaaas'., f 

4 

11 iltotfemoro-fibularis " [ 

Ilio-fibulAris, ' 

* 

Femoro*ftbularis v 

flio-femwo- 

fibukrii. 

* 

Uio4tmkm. 


















Muscles or Menopoma, 
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Humfhrt, 1872. 

Mivajt, 1868. 

Duets, 1681. 

Muck ex,, 1824. 

Starmub, 1846. 

rectus abdominis. 

rectus. 

pubio * sous - 
sternal. 

Gerader Bauch- 
rauskel. 

— 

obliquus external. 

external oblique. 

oblique externe 
ou costo. 
abdominal. 

Aeusserer schiefer 
Bauchmuskel. 

~ 

obliquus intemus. 

internal oblique. 

oblique interne 
ou vertlbro- 
abdomiual. 

Iunerer schiefer 
Bauchmuskel. 


ischio-caudal. 

ischio-caudal. 

- 




caudo-crural. 

semimem- 

branosus. 

coccy-souH- 

ftmor&l. 

subcaudalis. 

subcaudalis. 

caudo-femoralia. 

feraoro-caudal. 

coccy-sous- | pyriformis. 

femoral. 

pyriformis. 

Superficial stratum of; gracilis, 
plantar muscles of 
thigh (in part) or 
gracilis. | 

Sous-ischio- . Zweiter Beuger. 

tihial.j 

1 

Flexores 

adducentes. 

Superficial stratum of 
plantar muscles of 
thigh (in part) or 
caudo - pedal -caudo- 
crural. 

r 

! 

1 

m 


Langer, starker 
Beuger. 

Flexores 

adducentes. 

Middle part of the 
deeper stratum oi 
plantar muscles of 
thigh. 

Adductor. 

Ex-pelvi-f^moral. Nach aussen 
j Zieher. 

i 

Obturatorius and 
Adductor 
ischiadicus. 

Hinder ischio-femoral 
part of doeper 
stratum of thigh 
muscles. 

ischio • femoral 
(not described in 
Mwopoma). 

— i Gemellus. 

i 

j 

Quadratus 

femoris. 

Gemellus. 


Anterior or supra- 
pubic portion of the 
deeper stratum oi 
plantar muscles of 
thigh or pectineus. 

iliacus. 

Intra-pelri- Pectineus. 

flmoral. 

i 

I 

i 

Pectineus. 

Inner sector of super- 
ficial stratum ol 
dorsal muscles of 
thigh or reotus 
femoris internus. 

rectus femoris. 





Middle sector of super- 
ficial stratum of 
dorsal muscles of 
thigh or glufceo* 
rectus. 

gluteus uaximus. 


i 

i 

Steckmuskelmasse 
des Unter- 
schenkels. 

Ileo-femoral stratum 
of dorsal muscles of 
thigh. 

Gluteus medius 
and Gluteus 
minimus. 

lleo-rotulien. 

*— 

Glutaeus. 

Outer sector of super- 
ficial stratum of 
dorsal muscles of 
thigh. 

Ihmoro-fihularie (P) 

f 

Iteo-ptronMl. 

Deo-plronien. 

Wadenbein 

beuger. 

Abductor 
fibularis primus. 

Bioqw. 

Femoro-pfronien. 


Abductor fibu- 
laris secundus. 
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developing ypriloid cartilage. This latter portion oowa<|j!Knide to 
the M. pyramidalis of Hoffmann, 

M. i llKs 

This cOntm ‘ a vei !a ^ 

aponeurosis and u an ^ f )1 ‘ 

port of the pubic p ^ of i e 

origin of the M, puto-ibi 

M. obliquus intemus (costo-abdominahs internus) : 

This musclo is partly attached 1 1 i H th( doisil 1 * h i of 
the ilium, just above the origin of the M. llio-extensorius, 

(B) The muscles passing forwaids from the tail which are 
inserted in the pelvic region are . — 

M. ischio-caudalis : 

This is the most median of the sub caudal mubdes. It is a 
broad thin plate of muscle lying obliquely to the vertical plane, 
and is inserted into the postero- lateral angle of the ischial plate. 
Innervation : An ischio-caudal branch hom the sciatic plexus. 

M. caudali-pubo-ischio-tibialis : 

This is a small muscle which passes forwards between the 
adjacent sides of the M. ischio-caudalis and M. caudo-femoralis, 
and is inserted into the posterior edge of the M. pubo-ischio- 
tibialis a short way after the lattei muscle has left the ischial 
region. Some fibres also pass to the posterior edge of the 
M. ischio flexorius. 

Innervation : N. pudendus. 

M. caudo-femoralis : 

This is a fairly large muscle, round in section, which lies literal 
to the M. ischio-caudalis. It tapers anteriorly into a long tendon, 
which is inserted into the femur below the trochanter and dorsal 
to part of the insertion of the M. pubo-ischio-femoralis extemus. 
Innervation: H. pudendus* 


(0) The ventral muscles of the thigh are ; — 

M v pubo-ischio-tibialis : 

This is a very large triangular sheet of muscle Which arises 
from an aponeurosis in the mid-ventral line, along the whole line 
Of approximation of the halves of the pubo-ischium. It runs 
with converging fibres laterally and dietally, to be inserted into 
the tibia. s 

Innervation : A branch of the 3SL tibialis communis and 
N* ohturatoriue. 
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M. ischio-flexorius : 

This muscle arises from the postero-lateral angle of the ischial 
plate * • >tion of the M. ischio-caudalis, and 

pass* " 1 ,,i '- • 1 ‘ 

Inuer. ! \ >. «m * **i i i lined# According to Osawa supplied 

by the s.m :» * »* .» - 1 h»* previous muscle. 

M. piiho-ischM-iemoralis externus: 

This is a thick triangular muscle. It arises from the ventral 
surface of tho pubo-ischium near its median border. The origin 
reaches from about half-way along the pubic plate anteriorly to 


Text-figure 3. 



caud.fem-jip# 
Isch.caudr-— I 
caud.puhi8ch.tib- 


— il.fem ant. 
^. ^■V il.fem.post 
il.fem fib 1 


Drawing of left half of »‘^ 61 (X 1S0 > of the pelvic girdle of 88 mm. .nabryo. 
Ventral aspect, scale * appro*. The portion of the M. pubo., 8 ehK,t.h 1 al.. 1 » 

, . and that of the M pubo-wchio-femoralis 

in icu 1 ^ 0 ^Tho M. caudali-pubo-iechio-tibialie is inserted 

iichio-fleioriue, a. .hewn, and partly into the more ventral 
M. pubo-ischio-tibialis.) 

covered by M ' P attftc i imen t of the M. caudo-femorahs 

and distal to the origin of the femoro- 
flbdar W of the M. ilio-femoro-fibuians down to the tibuil 

°° Innervation : N. obturatorius and a small branch of the 
N. tibialis communis. 

Pawo. Zool. Soo.— 1926, No. LX. 6° 
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M. ischio-femoralis : 

At this stage I find that the muscle thus named in the adult 
consists of two intimately associated muscles : — 

(a) A dorsal, more or less cylindrical, muscle, arising from the 
lateral border of the ischial plate, anterior to the origin of 
the M. ischio-flexorius, and passing forwards to be inserted 
on the head of the femur; and 

(fi) a ventral, more irregularly shaped, muscle,* intimately 
associated with the a bove near its origin, which arises from 
the ventral surface of the ischial plate, immediately below 
the origin of a, and passes forwards to be inserted in the 
capsule of the hip-joint. 

Innervation : A small branch from the sciatic plexus. 

(D) The dorsal muscles of the thigh are : — 

M. pubo-ischio-femoralis internus : 

This muscle arises from the middle line along the whole dorsal 
surface of the pubic region and the dorso-lateral border of the 

Text-figure 4* 


pub.isch.fem mt. 



caud.fem 


ischcaud 
"C8ud.pub.lsch.tib. 


Drawing of model (X 150) of pelvic girdle of 38 mm. embryo. 

Dorsal aspect, scale £ approx. 

ilium. It passes over the lateral margin of the girdle and the 
dorsal side of the ^ip-joint, where it bends at an obtuse angle, 
and passes downwards, expanding over the dorsal side of the 
femur, into the lower two-thirds of which it is inserted. 

Innervation : N. femoralis and a twig from the N. obturatorius. 
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M. pubo-extensoriuN : 

This is a strap-shaped muscle which arises from the dorso- 
lateral border of the acetabular portion of the pubic region, 
immediately above and closely associated with part of the origin 
-of the M. pubo-ischio-femoralis interims, and passes downwards 
over that muscle to be inserted in an aponeurosis on the tibial 
side of the knee. 

Innervation: N. femoralis. 

M. ilio-extensorius : 

This is a strap shaped muscle which arises from the outer sur- 
face of the iliac process immediately behind the M. pubo-ischio- 
femoralis interims and passes downwards to be inserted by a flat 
tendon in the lower leg. Jt is separated from the knee by the 
origin of the dorsal muscles of the lower leg. 

Innervation : N. femoralis. 

M. ilio-femoralis: 

This consists of two very closely associated muscles, which may 
l>e named M. ilio-femoralis anterior and posterior respectively. 
The anterior muscle arises from the iliac region just above and 
behind the acetabulum. It is covered by the M. ilio-extensorius 
and is inserted into the peroneal side of the femur. The posterior 
muscle is larger and arises from the posterior surface of the iliac 
region, immediately opposite the origin of the anterior muscle, 
and is inserted into the femur near and dorsal to that muscle. 

Innervation: N. peroueus. 

M. ilio-femoro-fibu larks : 

This is a two-headed muscle. The ilio-fibular head is a long 
.slender muscle which arises from the outer surface of the ilium 
immediately below and in very close connection with the origin 
of the M. ilio-extensorius. It pusses down to be inserted about 
the middle of the peroneal side of the fibula. The femoro-fibular 
head is also a slender muscle which arises from the femur below 
.and distal to the insertion of the M. caudo-femoralis and passes 
downwards beside the ilio-fibular head, with which it becomes 
intimately associated at its insertion. 

Innervation : A branch from the N. tibialis. 

Discussion. 

The chief account of the Myology of Menopoma cdleghaniensc 
is given by Mivart (7), while Osawa (9), Humphry (3), and to 
aome extent Schmidt, Goddard and van der Hoeven (12) deal 
with the musculature of Cryptobranchus japonicus. A general 
account of the muscles oi Urodeles is also given by Hoffmann (2) 
and de Man (5). Many authors refer to the possible homologies 
oi the various muscles with those of man or higher Vertebrates 

60 * 
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Such references are omitted as far as possible in this paper, the 
question of homologies being reserved for future discussion. 

The subcaudai muscles as they pass from behind forward 
towards the pelvic region divide into three, M. ischio-caudalis, 
M. o.iudo-feraoraiis and M. caudali-pubo-ischio-tibialis. 

The two first-named muscles are similarly named by most 
workers, but there is diversity of opinion with regard to the 
third, here named M. caudali-pubo-ischio-tibialis. According to 
Osawa , this muscle, which he calls M. caudali-pubo-ischiadicus, in 
Crypto branchus “verbindet sich mit dem hinteren lland des 
M. pubo-ischio-tibialis resp. ischio-flexorius selmig.” Hoffmann 
states that the muscle in question joins the M, pubo-ischio-tibialis. 
Humphry, describing the same species, names this muscle the 
caudo-crural and states that it joins ‘‘the superficial stratum of 
the plantar muscles of the thigh almost at right angles.” He 
further states that a bundle of fibres of the hinder part of the 
muscular mass thus described, and which he considers appears to 
correspond to the semitendinosus of man, although he does not 
describe it as a separate muscle, “ joins a similar bundle from the 
caudo-crural and they together form the caudo-pedal.” This 
agrees with Mivart’s description for Menopoma , but in this case 
the posterior bundle of fibres is descril>ed as a separate muscle, 
the semitendinosus, arising from the posterior- external angle of 
the ischium and passing down the leg. The semimembranosus, 
which is Mivart’s name for the M. caudali-pubo-ischio-tibialis, 
“ is inserted into the posterior edge of the semitendinosus a little 
after the latter muscle lias left the ischium.” He considers that 
it may perhaps be a second head of the semitendinosus. The 
reconstruction made of the muscles in the 38 mm. embryo shows 
that the M. caudalUpubo-isehio-tibialis is inserted partly into the 
posterior edge of the M. pubo-ischio-tibialis and partly into the 
posterior edge of the M. ischio-flexorius. 

The most superficial of the ventral muscles of the thigh is the 
large triangular M. pubo-ischio-tibialis which covers the others, 
with the exception of the M. ischio-flexorius, which lies behind 
and slightly beneath it. Removal of this muscle exposes the 
M. pubo-ischio-femoralis externus, while still deeper the M. ischio- 
femoralis passes from the ischial plate to the head of the femur. 

The M. ischio-femoralis is described by Osawa in Crypto - 
branchuB japonicus as a small muscle arising from the lateral 
border of the ischium and inserted into the capsule of the hip- 
joint and the adjacent part of the femur. It is not referred to 
by Mivart as occurring in Menopoma, In the 38 mm. embryo 
I find that there are, in this position, two intimately associated 
muscles, as described above (p. 924). 

The superficial muscles of the dorsal aspect of the thigh con- 
sists of : — 

(A) A large muscle (here called M. pubo-ischio-femomlis 
internus) arising from the dorsal surface of the pubic 
region and the dorso-lateral border of the ilium, and in- 
serted into the lower portion of the femur; 
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(B) a strap-like muscle (M. pubo-extensorius) lying above this, 
arising from the dorso- lateral border of the acetabular 
portion of the pubic region, and inserted in an aponeurosis 
on the tibial side of the knee ; and 

(C) another strap-like muscle (M. ilio-extensorius) which arises 
from the outer surface of the iliac process behind the 
M. pubo-ischio-femoralis internus and passes downwards 
over the knee to be inserted in the lower leg. 

Mivart (7) and Humphry (3) describe these as separate muscles 
with origins and insertions as described (pp. 924 & 925). 

The names given by these authors are : — 


Muscle. Mivart. Humphry. 

A Iliacus. Pectin eus. 

B Rectus femoris. Rectus femoris internus. 

0 Gluteus maxim us. “ Gluteo-rectus.” 


Osawa ( 9 ) describes all these muscles together as constituting a 
M. extensor femoris biceps, which, he states, is a two-headed 
muscle, one head (caput pubicum) arising from the whole inner 
surface of the pars pubica of the pu bo-ischium, passing over the 
margin of the pubic region and the dorsal side of the hip-joint 
capsule, and passing downwards to the dorfal side of the femur, 
the other head (caput iliacum), which is equivalent to (J (M. ilio- 
extensorius), taking its origin from the anterior border of the 
medial half of the ilium and likewise passing downward over the 
hip-joint. He further describes these two heads as having a 
common insertion on the whole dorsal surface of the femur down 


to the condyle. B is apparently included with A in the caput 
pubicum. Hoffmann and de Man describe A as a M. pubo-ischio- 
femoralis interims and Casa separate M. ilio-extensorius, with 
origin and insertion as described (p. 925), and not as passing to a 
common insertion with the M. pubo-ischio-femoralis internus. 
de Man considers that Mivart’s separation of this muscle (C) into 
two portions is artificial, but the portions described by Mivart as 
separate muscles correspond to 0 and B, the latter apparently 
being included with A by these workers. Examination of the 
reconstruction of the muscle^ of the 38 mm. embryo and of serial 
transverse sections confirms Mivart and Humphry’s description 
that B (M. pubo-extensorius) is a separate muscle passing down 
over A (M. pubo-ischio-femoralis internus) to be inserted in an 
aponeurosis on the tibial side of the knee. 

The M. ilio- femoral is is described by most authors as a single 
muscle. In the adult Menoponia, Mivart describes two closely 
associated muscles, Gluteus medius and Gluteus minimus respec- 
tively. My observations confirm this description of the two 
muscles, for which the names M. ilio-femoralis anterior and 
posterior are suggested (p. 925). 

As regards the M. iiio-femoro-fibularis, this is in some cases 
described as two separate muscles, in others as two heads of one 
muscle; there is general agreement that the two components 
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seem to represent the long and short heads of the Biceps femoris 
of higher animals, and they are consequently described under one 
name. 

The Nerves of the Pelvic Region . 

The nerves supplying the pelvic region and the hind limb are 
derived from four spinal nerves. As only the hinder portion of 
the embryo was sectioned, it is impossible to state which spinal 
nerves are concerned, but these cor respond to the N. praesacralea 
III, II, and I and the N. sacralis of Osawa (9). The terminology 
used by Osawa is adopted here. 

The pelvic nerves form plexi anterior and posterior to the iliac 
process. The anterior or lumbar plexus is formed by the 
N. praesacrales III and II. This gives two main branches : — 

N. obturatorius : Runs forwards to the inner side of the 
pubic region. It penetrates the M. pubo-ischio- femoralis 
internus, to which it gives a twig, and passes through the 
obturator foramen and enters the M. pubo-isehio-tibialis. 
Just at its origin it gives a ramus hypogastricus which 
supplies the skin in that region. 

N. femoralis: Passes over the dorse-lateral border of the 
pubo-ischium just in front of the iliac process. The main 
trunk (ramus longus, Osawa) penetrates the M. pubo- 
ischio-femoralis internus and passes distallv close to the 
inner side of the femur. A small branch (ramus brevis, 
Osawa) supplies the M. ilio-extensorius. 

The larger posterior or sciatic plexus is formed by the N. pree- 
sacrnles II and I and the small N. sacralis. This sciatic plexus 
lies behind and below the iliac process, between the M. ischio- 
flexorius and M. caudo* femoralis. Its main branches are: — 

N. peroneus : Arises from the outer side of the plexus rather 
dorsally and just after leaving the plexus gives a twig 
to the M. ilio-femoralis and to the M. ilio-femoro- 
fibularis (ilio-femoral head). 

N. tibialis com munis: This is the largest nerve of the hind 
limb. From its origin it is divided into two trunks, which 
are separated from one another by the M. caudo- fern oral is 
and the femoro-fibular head of the M. ilio-femoro-fibuJaris. 
These two trunks unite just above the knee. A smaller 
collateral trunk runs beside the more ventral of the two 
main trunks and joins with it at the knee. 

N. pubo-ischio-tibialis : A small nerve which arises from the 
antero-ventral region of the plexus and enters the M. pubo- 
isehio-tibialis. 

N. pudendus: A small nerve which supplies the M. caudali- 
pubo-ischio-tibialis and M. caudo-femoralis. 

N. ischio-caudalis : Arises from the N. sacralis and supplies the 
M. caudo-femoralis and M. ischio-caudalis* 



IN THE BATIUCHIAN MKNOPOMA ALLEGE ANIEN8E, 


929 - 


I wish to express my best thanks to Dr. W. D. Henderson for 
much helpful advice during the progress of the work. 


Abbreviation 8 used in Text-figures. 

Ac. Acetabulum, caud.fcm . M. oaudo-femoralis. eaud.pub.isch.tib , M. caudali- 
pubo-ischio-tibialis. F. Femur. II. Iliac region. il.fem.ant. M. ilio-femoralis 
anterior. tl.fem.post . M. ilio-femoralis posterior. il.ext. M. ilio-extensorius. 
il.fem.Hb.' Ilio-fibular head of M. ilio-femoro-fibulnm. il.femfib ." Femoro-fibular 
head of M. ilio-femoro-fibularis. il.pub.n. Ilio-pubic notch, il.isch.n. Ilio-ischiadic 
notch. Is. Ischial region, isch.fem. M. ischio-femoralis. isch.flex. M. ischio- 
flexorius. dbl.sxt. M. obliquus extemus. O.F. Obturator-forameu. Pub. Pubic 
region, pub. ext. M. pubo-extensorius. pub.isch.feth.int. M. pubo-ischio-femoralis 
interims. rsct.abd . M. rectus abdominis. I". Ypsiloid pro-cartilage, yps.post. 
M. ypsiloideus posterior. 
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46, The Ileo-Csecal Region in the Reptilia. — I. The Ileo- 
Caecal Region of Tupinambis teguexin . By John 

Beattie, M.B., Ch.B., M.Sc., C.M.Z.S. 

[Received March 23, 1920 : Read April 13, 1020.] 

(Plate I. ; Text-figures 1, 2.) 

The specimen on which this note is based was collected by 
Professor J. P. Hill on the Percy Sladen Expedition to Brazil 
in 1913. The animal was eviscerated after capture and the 
ileo-co&al region preserved in alcohol. A small segment was 
embedded and sectioned. I desire to thank Professor Hill for 
putting the material at my disposal. 

Lonnberg in 1902 made a series of observations on the gut 
of the reptiles with reference to the influence of diet on the 
structure of the gut tube. He was able to show that the proximal 
colon in the Reptilia became enlarged to form diverticula to 
allow of the proper digestion of the cellulose-containing foods on 
which some of the animals fed. The complexity of the proximal 
part of the large bowel became greater with a more complete 
herbivorous diet. Tupinambis is interesting in that it is only 
partly herbivorous, although in the specimen which is described 
here the stomach contained dark brown seeds alone when the 
animal was captured. 

The structure of the caecum and proximal colon in Tupinambis 
is intermediate between the very simple arrangement seen in 
the Amphisbaena and the complex arrangement of the Iguana 
and its closely-allied form Metopoceros cornutus. In all three 
the ileum at its termination is pouched out to form a conical sac 
with the base at the ileo-caecal diaphragm (which contains within 
it the ileo-cteeal sphincter). This ileal expansion may be a post- 
mortem change, but as it is constant in most of the animals 
which have been examined it is possible that it is a normal 
feature. 

The ileum is covered with large villi which do not appear to 
have any regular arrangement, but are scattered over the whole 
of the surface of the ileum and closely packed together. They 
cover the ileal surface of the ileo-cfecal diaphragm, and there 
they are of low elevation and terminate abruptly at the free 
margin of the orifice. 

The diaphiagm in the Tupinambis is an annular band of 
tissue with a central opening. This central arrangement of the 
opening is found in most of the Lizards, but in the Iguana 
Tuberculata it is eccentric and the annular band is replaced by a 
semi-lunar fold of tissue. The interest of the diaphragm lies 
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in the structure of the muscle tissue lying within it. The 
section shown in tig. 4, PI. I. demonstrates the fact that the 
circular muscle coat of the bowel alone enters into the compo- 
sition of the sphincter. The outer longitudinal coat passes over 
the sphincter region in a continuous sheet. The circular muscle 
tissue is in two distinct layers which do not fuse together except 
at the free margin of the diaphragm. Between the two layers 
of muscle a large artery and vein run in the connective tissue and 
are seen to supply the sphincter muscle and the other structures 
of the diaphragm. This arrangement is closely analogous to the 
condition seen in the developing mammal, especially in the early 
stages of Man. There the developing ileo-crecal sphincter muscle 


Text-figure 1. 



The internal appearance of the ileo-ca*cal region of Amphisbana alba to show a 
lateral caecum which at its base is lying in close apposition to the mesentery. 

<?. colon ; ca. caecum ; il. ileum. 


is differentiated only from that layer of the mesoblastic coat of 
the intestine which comes to form at a later date the muscle cells 
of the circular muscle coat. The developing sphincter in Man, 
although it cannot be divided into two layers in the almost 
diagrammatic manner which is seen in the TupinambiSy is never- 
theless split into two divisions to a lesser degree by a small 
blood-vessel in the same position as that in the Tupinambis. 

The proximal colon in this animal shows a well-marked 
diverticulum from the mesenteric border, which penetrates 
between the two layers of the mesentery and is entirely covered 
with peritoneum. This condition would be quite inexplicable 
unless the arrangement of the part in Metopoceros is examined. 
In this animal the caecum is a distinct diverticulum from the 
left side of the colon, and as it enlarges dorsally it comes to lie 
along the left surface of the mesentery and adheres to it. This 
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caecum may illustrate a stfige in the development, of a caecum in 
Tupinamhis The caecum in this latter animal may have origi- 
nated as a lateral caecum, but with enlargement it has come to fuse 
so completely with the mesentery as to appear that it is enclosed 
within the mesentery. So far there is no evidence of a direct 
nature to justify this view, but it is hoped to examine some of 
the embryonic stages of this animal as they become available to 
establish this point. 

The large bowel throughout its whole extent is quite free 
of villi, and shows only a small number of concentric elevations 
round the wall which consist of mucous tissue only. These 


Text-figure 2. 



Thu ilco-ctucal region of Tupinamhis teguexin laid open along the plane of mes- 
entoric attachment t<> diow the position of the sphmcteric ring or curtain 
between the ileum and large bowel. The ca*cnm is completed} enclosed 
within the two folds of the mesentery of the gut. 
ca. nucum ; c. colon; s. sphmcteric ring and valvular opening ; tL ileum. 


elevations are similar to the valvuloe conniventes in the upper 
intestine in the mammals and are probably similar in function. 
In the Iguana and in Metopoceros these “ valvulte” reach a high 
development, and the food-material is thus retained in a series of 
chambers where no doubt it is acted upon by the bacterial flora 
and the cellulose digested as much as possible. 

It is hoped at a later date to make some further studies on 
this region in the other Lizards and the Amphibia, but as 
material is usually in a state which does not allow of histological 
methods, progress must be slow. 
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EXPLANATION OF THE PLATE. 

Fig. 1. The ileo-caecal region of Tupinambis tegutxin laid open to show the 
sphincter ring and the caecum lying in the mesenteric border of the gut. 

Fig. 2. Obverse view of Fig. 1, to ghow the line of mesenteric attachment. Note 
how the caecum is completely intra-mesenteric. 

Fig. 3 . AmphUbmna alba. The caecum is lateral in its origin and not mesenteric 
as in TupinambU. The photograph does not indicate the attachment of 
the base of the caecum to the mesentery. 

Fig. 4. Tupinambi t Uguexin . A section through the gut at right angles to the 
plane of the sphincteric ring. i. mucous membrane of ileum, i.e.s. the 
circular muscle of the Bphincter embedded m the snbincteric ring. 
v.art. vessels in the sphincteric ring. l.m. longitudinal muscle of the 
intestine, c. colon. 
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47. Notes on the Habits of certain Families of the Order 
Marsupialia. By A. S. Le Soukf, O.M.Z.S. 

[Received May 7 , 1926 : Head June 1, 1926.] 

Owing to the great physical difference that exists between 
Marsupials and the other orders of mammals, one would expect 
to find that their general habits and dispositions were not in 
accordance with those generally found in the higher animals. 
This seems to be the case, for a careful study of this group as 
represented in Australia indicates that they have a more primi- 
tive organisation in their herd groups and a distinctly lower 
sense of life-preservation. 

In the birth of the young we find a striking instance of the 
apparent lack of that maternal care and affection that is so 
strongly manifest in other animals, as the mother is seemingly 
unaware of the babies' existence. As the young of Marsupials 
are born in such a primitive state, the foetus of the great Grey 
Kangaroo being only one and a quarter inches in length at 
birth, one would expect to find that the dam took the greatest 
care of the helpless offspring, and transferred it to the pouch. 
Such, however, is not the case, as several observations of the birth 
of Kangaroos* and one of the American Opossum + show that 
the doe apparently does not take any interest in the new arrival, 
and the fmtus has, in spite of its unformed state, to make its 
own way to the pouch and attach itself to the nipple The 
female at this time sits in an upright position, with her tail 
coming forward between her legs and appeal’s to be only 
concerned with cleaning the extruded fluid and blood from 
her fur. At a later stage, when the youngster is furred and 
able to take some interest in life, observations on Kangaroos and 
Wallabies show that the mother frequently licks and caresses 
her baby, while a female Pouched Mouse ( Sminthopsis murina) 
has been seen to show great bravery and devotion in rescuing 
her young from an exposed position. 

The great majority of the marsupials live singly, possibly the 
only exceptions being some of the larger Kangaroos and Tree- 
Kangaroos. Fairly large herds of the Great Grey ( Macropus 
giganteus ) and the Red (if. rufus) are not uncommon where the 
animals are numerous. These herds do not seem to have any 
organisation, in that they are not apparently under the leader- 
ship of a large male, nor do we notice any separation of the 
sexes, either according to age or at different times of the year. 

* Proc. Phil. Soc. Queensland, vol. iii, 1881, p. 1 ; * Western Mail,’ Perth, Western 
Australia, Jan. 9, 1918. 
f * Anatomical Record, ’ vol. xix. 1920, p, 261. 
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When attacked the members of a herd do not necessarily make 
off in one direction, and often become scattered. Individual old 
male Kangaroos are brave and determined fighters if brought to 
bay. They will then back up against a tree or a rock, and 
attempt to rip and tear any enemy that comes within reach. 

Many animals get amusement from friendly combats. In the 
Kangaroos these contests, which take place only between males, 
have been developed to a higher degree than is usual among 
other animals. The game takes the form of a sparring and 
kicking contest, divided into definite rounds, between which the 
animals rest. 

The vocal sounds made by the terrestrial diprotodonts are very 
primitive in character, and consist of only a single coughing 
note in the Kangaroo and Wallaby group *, and a husky growling 
in the Rat- Kangaroos and Wombats. This note never varies 
in expressing pleasure, anger, pain, or distress. There appears 
to be no call-note, but alarm is signalled by thumping the hind 
feet on the ground, a trait that is shared by some rodents. 

Some of the arboreal members of the diprotodonts (Phalan- 
geridte) have a much more highly -developed voice. The Aus- 
tralian Opossums ( Trichosurus and Pseudochirus) and the Koala 
{ Phascolarctus ) can each make two distinct and very different 
sounds. The call-note of the Koala closely resembles the grating 
wood-sawing cry of the Leopard, and in addition it has a 
plaintive wailing cry that is only made when the animal is 
injured. The most striking call-note of any of the Marsupials 
is given by the greater Flying Phalanger, and to a lesser extent 
by other members of this group. This call is quite distinct, as 
far as I know, from that of any other mammal. It consists of a 
series of modulated shrieking sounds, starting loud and full 
and running down the scale to a mere gurgle. The Cuscus and 
smaller members of the Phalanger group have not been heard to 
utter any sound. 

All the Phalangeridte are particularly quiet and docile and 
lack any aggressiveness, and in this respect they show a low 
sense of life-preservation. 

The disposition of the Australian Carnivorous Marsupials is in 
marked contrast to that usually found in flesh-eaters. Carni- 
vorous animals generally are elusive, aggressive, and when cornered 
quick to defend themselves from capture. The Australian 
Carnivorous Marsupials are quite the reverse of this, for they 
have an extraordinarily quiet and trusting disposition. Some 
members of the family Dasyurid© can be handled as soon as 
caught, while live Phascogales have actually been picked up in 
the bush. Two instances will serve to illustrate this peculiar 
disposition. Two specimens of the Crested-tailed Phascogale 
{Dasycercus cristicawla), which had been caught on the Kullar- 

* [la the Zoological Gardens here, a Kangaroo, being ansesthetised for a slight 
operation, gave a prolonged, undulating cry recalling that of the Thylacine.— 
Editor P. Z. S.] 
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bor Plain, South Australia, escaped and took refuge among 
a number of packing-cases in a lumber-room ; when a baited 
trap was placed near one of the animals it went straight in and 
the other one took a bait from my hand and allowed itself 
to be picked up. On another occasion a farmer on the Arthur 
River, Tasmania, came across a Spotted -tailed Dasyure (Dasyurus 
maculatuB) in broad daylight feeding on the carcase of a 
Wallaby : he made a hit at it with an axe that he was carrying, 
but missed the animal. The Dasyure jumped clear, but did not 
run away, and presently returned to the carcase as if nothing 
hHd happened, although the man was standing beside it with 
uplifted weapon. This Dasyure can, nevertheless, put up a hard 
fight and give a very good account of itself if attacked by a dog 
or exasperated by being caught in a trap. 

The voice of all the Carnivorous Marsupials is very primitive 
in character. The Marsupial Wolf or Thylacine can only express 
itself by a coughing sound, and the Tasmanian Devil* (Sarco- 
phUns) makes a slow whining noise, while the smaller Dasyures 
do not appear to make any other sound than a slight hiss. 
These animals seem to have no distinctive call. 

To sum up this brief review, we find that there is a singular 
lack of maternal interest in the young at time of birth. That 
the organisation so often present in herds of Herbivores is 
absent in mobs of Kangaroos. That the voice of all Australian 
terrestrial Marsupials is very primitive in character, while most 
of the arboreal species have a well-developed call, which differs 
from their note of distress, and, finally, we can note the very 
quiet and non-aggressive nature of Australian members of the 
order, which gives them a relatively low sense of life-preser- 
vation. This factor would make them quite unfitted to withstand 
competition from the higher mammals. 

* [That i« not our experience here ; the Thylacine often utters a prolonged, 
ami very loud, undulating cry, and Tasmanian devils, especially at night, are very 
noisy animals. — Ei>. P. Z. S.j 
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EXHIBITIONS AND NOTICES. 

June let, 1026 . 

Sir John Bland -Sutton, Bt., F.R.O.S., Vice-President, 
in the Chair. 

The Secretary read the following Report on the Additions to 
the Society's Menagerie during the month of April, 1926:— 

The registered additions to the Society's Menagerie during 
the month of April were 302 in number. Of these 76 were 
acquired by presentation, 7 were deposited, 198 were purchased, 
8 were received in exchange, and 13 were born in the Menagerie. 

The following may be specially mentioned : — 

1 Gravy's Zebra (Eqwus yrevyi) <$ , from Kenya, purchased on 
April 8th. 

1 Chimpanzee (Anthropopithejtts troglodytes) 2 , presented hv 
T.D. Maxwell on April 21st. 1 9 

1 Chimpanzee {Artihropopithecus troglodytes) d* , presented by 
Arthur Haserick, F.Z.S., on April 22nd. 

4 Prairie Wolves ( Canis latrans)* born in the Menagerie on 
April 6th. 

2 Kea Parrots {Nestor notabilis ), from New Zealand, purchased 
on April 22nd. 

3 Indian Coursers (Cursorius coroniaadelicus) % and 2 Red- 
wattled Lapwings {Sarcogrammus indicus\ from India, both new 
to the collection, received in exchange ou April 30th. 

1 Dollo's Lung-Fish {Proloptei'us ddloi\ from the Belgian 
Congo, new to the collection, received in exchange on April 29th. 

Dr. Frank Chapman exhibited, and made remarks upon, a 
series of lantern-slides illustrating the Bird and Mammalian Life 
on the Barro Colorado Island, Panama. 


Jtrne 13 ft, 1926 . 

Prof. E. W. MacBride, F.R.8., Vice-President, 
in the Chair. 

• The SecrCTAR* toad the following Report on the Additions 
/to the ftoeietyfe Menagerie during the month of May, 1926 :— 

The reghftered additions to the Sorfety^s Menagerie during the 
:.| day #ere I40iunmber. Of these 00 mm 
A ^ purchased, 

^ ,M tern, h the ■ 
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The followiijg in»y be epeoiaMj mentioned.!— 

A collection from Gambia, consisting of an African Oirot, 'a 
Senegal Zoritla, 'Gambian Gerbille, two Ashy-bended Gulfs, a 
Royal Python, and other reptiles, presented by H.E. Captain 
Sir 0. H. Armitage, O.M.G., D.SO., P.Z.S.,on May 23rd. 

2 Giant Eats (Ci'icetomyt gumbimui), fiom Kenya Colony, 
presented by Captain A.T. A. Ritchie, M.C., P.Z.S.,on May 30th. 


/ 


The Sbosisyahy communicated the following notes by T* B. 
Maxwell, Esq.* on & young female Chimpanzee presented to the 
Society ; — 

“ On April 23, 1925 she was acquired by an ©x-boy of min© 
in Mamfe-Ossidinge, Oameroons (about 100 mi\m N.W. of Buak). 
Bhe was then ‘about the size of a JUt i bad little hair: no 
teeth: was unable to walk or crawl but lay on her back and 
whimpered incessantly ’ I gather she was then 2 or 3 weeks 
old, and put her birthday down as the 1st of April, 1925, 
The boy and his wife brought her up on the bottle. At the 
end of July she started to crawl, and then be noticed she was 
cutting a few teeth/’ 

" She came to me on the 26th of December, 1926 , she weighed 
10 lbs 6 oz. She was a mere baby, and still cutting her teeth. 
She was veiy active but quite unable to climb. During February 
she began to do so, and is now an expert. On February 10th, 
she weighed 11 lbs. 2 oz. ; on March 10th, 13 lbs. ; on April 10th* 
15 lbs. Mentally and physically she developed with amazing 
speed. She is an extremely intelligent httie animal— far mere 
so aheady than Pat (aged 4) and Okon (2) ever became. She 
h is a weakness for hugging a woolly ban, or a bit of cloth or 
towel. I always indulged her in this. She ako is very fond 
of het teething ring (a black bracelet), «»$ l*er native rattle/’ 


Major S. S, Browse, FJ&J*, exhibited, and made 

remarks upon, models of a Whit© Elegant from Stem. 

Dr, R. J. Tuxyaru, F,RB., C,MJ5.$., gave an a#<wnt of 
“ Some new Orders of Fossil Insects/ ittustmted by a remaifeable 
series of lantern-slides. 

prof. Henry Famimo Osborn, C.M.Z 3 ., President of the 
American Museum of Natural History, wJto was present, said 
that he would like to felicitate Dr. Tttlyard Upon his recent 
researches, and at the aaihe tune tom&^iubkp the Society upon 
the progress it had made sines %% hit adWlh to London so me 


m pub^khsd ii JUfip . 

j r f *> 
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48. A Synopsis of the Rays of the Family Rhinobatidae* 
with a Revision of the Genas Rhinobatus. By J. R. 
Norman, F.Z.S. 

^Offered for publication by permission of the Trustees of the British Museum.) 

[Received May 22, 1926 : Read October 19, 1926.] 

(Text-figures 1-30.) 

The family Rhinobatidae as defined below corresponds with the 
subfamily Rhinobatinse of Regan’s classification of the Selachian 
fishes *, and includes the families Rhinobatidae and Discobatidfie 
of Garman t. 

I have to thank the Trustees of the Australian Museum for 
sending me an example of Aptychotrema banksii ; Mrs. R. 
Bisbee, of the Zoological Department of the University of 
Liverpool, for specimens of Rhinobatus halavi\ and Dr. L. 
Yinciguerra for the loan of examples of R . rhinobatus and 
R. cemiculus from the collections of the Genoa Museum. I am 
greatly indebted to Mr. C. Tate Regan, F.R.S., for much help 
and advice, and to Major W. P. 0. Tenison, D.S.O., who has 
kindly prepared the illustrations accompanying this paper. 

Rhinobatidffi. 

Batoid Rays with the prjcorbital cartilages articulated to the 
propterygia ; two rather large, subequal dorsal fins, the anterior 
of which is situated at some distance from the extremity of the 
tail; pelvics not notched; caudal fin present; basalia of dorsal 
fin in small number (two only supporting the radials of the fin) ; 
radial, s rather numerous, simple, short or of moderate length, not 
nearly extending to the free edge of the fin ; snout not armed 
with teeth. 

Nine genera from tropical and temperate seas. 

Synopsis of the Genera, 

I. Rostral cartilage extending to extremity of snout, or 
nearly. 

A. Origin of first dorsal above, in advance of, or 
immediately behind pelvics, which are situated well 
behind the pectorals; a well -developed subcaudal 
lobe; pectorals not extending forward beyond level 
of mouth. 

1. Snout broad, rounded; mouth deeply undulated; 
length of nostril less than width of internarial 
space ; no spirocular folds 1. Khina. 

* Proc. Zool. Soc. 1906, p. 754, 
f Mem. Mus. Comp. Zool. xxxvi. 1913, pp. 260, 267. 

Proc. Zool. Soc.— 1926, No. LXI1. 62 
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2. Snout long, narrow, pointed; mouth not deeply 
undulated ; length of nostril greater than width of 

internarial space ; two spiracular folds 

B. Origin of first dorsal well behind pel vies, which are 
situated close to the pectorals ; no distinct subcaudal 
lobe; pectorals extending forward beyond level of 
mouth, hut well separated anteriorly. 

1. Snout pointed, sometimes short and obtuse ; pectorals 

not extending forward to level of extremity of 
snout ; anterior part of tail with a single median 
series of spines or tubercles ; no spines on anterior 
edges of pectorals. 

а. Anterior nasal valves not united to form a quad- 

rangular flap. 

* Nostrils oblique, or occasionally nearly trnns- 
veree; inward extension of anterior nasal 
valve terminating on or crossing anterior 
margin of nostril (text-fig. 1 C) : one or two 

spiracular folds 

## Nostrils nearly transverse; inward extension 
of anterior nasal valve crossing inner angle 
of nostril (text-figs. 1 D, 1 E). 
f Snout long, acutely pointed ; anterior nasal 
valve covering only a small portion of inner 
part of nostril (text-fig. 1 1)) ; spines on 

the hack and shoulders small 

ft Snout short, obtusely pointed; anterior nasal 
valve expanded, almost entirely covering 
inner part of nostril (text-fig. 1 E) ; spines 
on the hack and shoulders very prominent . 

б. Anterior nasal valves united to form a quad- 

rangular flap (text-fig. 1 F) ; snout short, 
obtusely pointed 

2. Snout very short, rounded ; pectorals extending 

forward to level of extremity of snout; anterior 
part of tail with a longitudinal series of spines on 
either side of the median series ; series of spines 
on anterior edges of pectorals 


2. Khynchobatus. 


3. Rhibobatus 


4. Abtychotbema. 


5. Zaptbbyx. 


6. Tbygobobhiba. 


7. PJLAXYBHIBOIDIB. 


II. Roatral cartilage reduced, not reaching extremity of 
snout; snout broad and rounded; pectorals extending 
forward to end of snout, narrowly separated Anteriorly. 

A. Nostril not connected with mouth by a groove; 

anterior nasal valve not covering inner part of nostril 
(text-fig. 1 H) ; back with several series of Bpines in 
addition to the median and scapular series 

B. Nostril connected with mouth by a groove ; anterior 

nasal valve expanded, partly covering inner part of 
nostril (text-fig. 1 J) ; only the median and scapular 
series of spines present . 


8. Zahobaius. 


9. Platybbina. 


1. Rhina. 

Rhina * Bloch, Schneider, Syst. Ichth. p. 352 (1801) ; Miiller & 
Henle, Plagiost. p. 110 (1841). 

Rhampkabatie Gill, Ann. Lyceum Nat* Hist. N.Y. vii. 1862, 
p. 408; Garman, Mem. Mus. Comp. Zool. xxxvi. 1913, p. 267. 

Rhynohobatus (part.) Gunther, Cat. Fish. viii. p. 440 (1870). 

A single species from the Indo-Pacific. 

* Rhina Klein (type Sqnalu* tquatina Linn,) is not elegible according to the 
rules of the International Commission of Zoological Nomenclature* Kleitrs genera 
were reprinted in an anonymous dictionary (“ Nener Schauplatx ”) in 1776, and by 
Walbaum (Artedi Pise.) in 1792. This does not, however, involve the acceptance of 
these names. 
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Text-figure 1. 



G - H i. 


Diagrams illustrating the form of tin* nostril in : — A. Rhina ancylostoma. 
B. Rhynchobatus djidd casts. C. Rhinobatns rhinobatns. D. Aptychotrema 
bougainvillii. E. Zapteryx brevirostris . F* Trygonorhina fasoiata. 
(t. Ftatyrhinoidis triseriatus. H. Zanobatus schcenleinii. I. Platyrhina 
sinensis . V.= anterior nasal valve. 

1. Rhina ancylostoma. 

Rhina ancylostoma Bloch, Schneider, Syst. Iclith. p. 352, 
pi. lxxii. (1801) ; Muller & Henle, Plagiost. p. 110(1841); Jordan 
& Fowler, Proc. U.S. Nat. Mus. xxvi. 1903, p. 643. 

Rhina anchylostomus Bleeker, Verb. Bat. Gen. xxiv. 1852, 
Flag. p. 56. 

Rhina cyclostomus Swainson, Nat. Hist. ii. p. 322 (1839). 
Rhamphobatis ancylostomus Dumeril, Elasmobr. p. 482 (1865) ; 
Annandale, Mem. Ind. Mus. ii, 1909, p. 10, pi. 5. fig. 5; 
Oarman, Mem. Mus. Comp. Zool. xxxvi. 1913, p. 267. 

Rhynchobatus ancylostomus Giinther, Cat. Fish. viii. p. 440 
(1870); Day, Fish. India, p. 730, pi. cxciii. fig. 3 (1878). 

Hob . East Africa and the Red Sea, through the Indian Ocean 
and Archipelago to Australia and Japan. 

In the British Museum ten specimens, 420 to 1900 mm. in 
total length. 

2. Rhynchobatus. 

Rhynchobatus Miilter & Henle, Monatsber. Ak. Berlin, 1837, 
p. 116; Plagiost. p. Ill (1841); German, Mem. Mus. Comp. 
Zoo), xxxvi. 1913, p. 268. 
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Rhynchobatus (part.) Gunther, Cat. Fish. viii. p. 440 (1870). 

Two species. 

1. Rhynchobatus pjuddensis. 

Raja djiddensis Forskal, Descr. Anim. p. 18 (1775). 

Rhinobatu8 Icevis Bloch, Schneider, Syst. Ichth. p. 354, pi. lxxi. 
(1801) ; Schlegel, Faun. J&pon. p. 306, pi. cxxxix. (1850). 

Rhinobatus djidsensis Bloch, Schneider, t . c. p. 356. 

Rhinobatus djeddensis lluppell, Fisclie Roth. Meers, p. 54, 
pi. 14. fig 1 (1828); Annandnle, Mem. Ind. Mus. ii. 1909, p. 12. 

? Rhinobatus duhamelii Biainville, Faun. Fran^., Poissons, p. 48 
(1830). 

Rhynchobatus Icevis Miiller & Henle, Monatsber. Ak. Berlin, 
1837* p. 116; Plagiost. p. Ill (1841); Dum^ril, Elasmobr. 
p. 483 (1865). 

Rhinobatus ruepellii Swainson, Nat. Hist. ii. p. 185, fig. 24 
(1838). a 

Rhynchobatus dji(e)ddensis Cantor, J. A si at. Soc. Bengal, xviii. 
1850, p. 1394; Gunther, Oat. Fish. viii. p. 441 (1870); Day, 
Fish. India, p. 730, pi. cxcii. fig. 1 (1878); Jordan & Fowler, 
Proc. U.S. Nat. Mus. xxvi. 1903, p. 644 ; Giinther, Fisehe Siidsee, 
ix. p. 491 (1910); Garman, Mem. Mus. Comp. Zool. xxxvi. 1913, 
p. 268, pi. 65. fig. 1 ; Barnard, Arm. S. African Mus. xxi. 1925, 
p. 58, pi. iii. fig. 6. 

Rhinobatus jaram Montrouzier, Ann. Sci. Phys. Nat. Agric. 
Lyon, ser. 2, viii. 1856, p. 498. 

Mouth undulated. Anterior nasal valve extending beyond the* 
middle of the length of the nostril. Origin of first dorsal above 
base of pel vies. No spines on rostral cartilage. 

Hah. East Africa and the Red Sea to the Pacific. 

In the British Museum several specimens, 100 to 2000 mm. in 
total length. 

2. Rhynchobatus Atlantic us. 

Rhynchobatus atlanticvs Regan, Ann, Mag. Nat-. Hist. ser. 8, 
xv. 1915, p. 124. 

Mouth straight, except for a median prominence in the lower 
jaw fitting an emargination in the upper. Anterior nasal valve 
ending at the middle of the length of the nostril. Origin of first 
dorsal behind base of pelvics. Spines stronger and fewer than in 
R. djiddensis ; a series on each side of rostral cartilage, 

Sab. Off Lagos, West Africa, 10 to 35 fms. 

In the British Museum a single specimen (rf), 700 mm. in- 
total length, type of the species. 

3. Rhinobatus. 

Rkinobatos Linck, Mag. Neuste Phys. Nat, vi. (3) 1790, 
p.32. 
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Rhinobatm VValhaum (ex Klein), Artedi Ichth. (3) ed. 2 
p. 581 (1792); Garinan, Mem. Mus. Comp. Zool. xxxvi. 1913, 
p. 269. 

Leiobatus Raiinesque, Oaratteii, p. 16 (1810). 

Rhinobatus (part.) Muller & Henle, Plagiosfc. p. 113 ; Gunther, 
Gat. Fish. viii. p. 441 (1870). 

Syrrhina (part.) Muller k Henle, Plagiost. p. 113 (1841). 
Glaucosteyas Ronapmte, Cat Metod. Pe&ei Europ. p. 14 
(1846). 

Twenty 'seven species *. 

Synopsis of the Species. 

Mediterranean , West African , and I ado- Pacific Species. 

I. Anterior nasal valve* not or scarcely extending inwards on 
to inteinanal space. (Khinob'itus.) 

A. Length of nostril twice or nearly twice in width of 
mouth, about equal to that of internarml space. 

1. Snout long, nanow, its pncoral length to 3} times 

width of mouth : rostvul lidges approximated tor the 

great ci part of their length 1. granulaius. 

2. Snout short, broad, its pvicoial length ljj times width 

of month ; rostral ridges more or less separated 
throughout then length 2. obtnsus , 

II. Length of nostril le^s than twice in width of mouth, 
greater than that of mteruanal space. 

1. Snout expanded at the tip; hngtb of nostril m 

width ot mouth, neatly twice that of mteruanal 

space 3. thouiniana . 

2. Snout not expanded at the tip. 

a. Length of nostril nearly equal to width of mouth, 

to 2$ times that ot mternarial space 4. armatus. 

b. Length of nostril 1$ to m width of mouth, 1£ to 

lj times that of internanal space. 

* Origin of first dorsal a distance behind base of 
pelvics about equal to that between the two 
dorsals ; pimorbital length of snout 3 to 3-\ times 
distance between spiracles, 
t Distance from tip of snout to anterior edge of 


eye rather less than that from posterior edge of 
eye to axil of jiectoral (in adults) ; a single pair 
of spines 011 each shoulder arranged thus ; 0 . cemioulus. 

ff Distance from tip of snout to anterior edge of eye 
about equal to that from posteror edge of eye 
to axil ot pectoral ; two spines on each shoulder 
arranged thus • • 6. rasus. 

** Origin of first dorsal a distance behind base of 
pelvics If to nearly twice that between the two 
dorsals; pneorbital length of snout 2f to 3 
times distance between spiracles 7. halavi. 


# The following species (without diagnose*) listed by Blainville (Bull. Soc. Sci. 
Pbilom. Paris, 1816, p. 121) are indeterminable i—Rhhiobatus russellianus , 
JR. coromandelicus, E. faeciatu* ?, E. bifuroata , JR. Icevissimus : Leiobatus 
cruciatus, L. eloani, X. britannicuM. 

J have been unable to identify Ehinohatue dtmerili Costelnau (Proc. Zool. Soc. 
Victoria, ii. 1873, p. 148), from Western Australia. This may be a species of 
Zapteryx. 
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II. Anterior nasal valve extending inwards to some extent 
on to intern&riai space. ( Lei ob at us .) 

A. Anterior nasal valve not extending inwards much beyond 
level of inner edge of nostril, not nearly reaching that 
of opposite side. 

1. Snout rather long, its pneorhital length 2$ to 3± times 
distance between spiracles, its pnrorul length 3| to 3§ 
times width of mouth ; base of first dorsal 8 to 3J in 
distance between dorsals. 

a. Rostral ridges widely separated throughout their 

length ; length of nostril 1| times width of inter- 
nurial space ; some blunt tubercles in the median 
line of the back 

b. Rostral ridges approximated or narrowly separated 

anteriorly ; length of nostril 1J to 1^ times width 
of internarial space ; tubercles in the median line 
of the back very small or rudimentary. 

* Rostral ridges more or less separated throughout 

their length, appioximated only at extremity of 
snout; horizontal distance from outer edge of 
nostril to lateral margin of snout a little less 

than length of nostril 

** Rostral ridges more or less approximated in 
anterior $ of their length ; horizontal distance 
from outer edge of nostril to lateral margin of 

snout greater than length of nostril 

2. Snout shorter, its preeorbital length 2J to nearly 8 
times distance between spiracles, its pnuora] length 
to 3 times width of mouth ; base o t first dorsal 
less than 3 times in distance between dorsals. 

a. Praeoral length of snout 2^ to 2 } times width of 

month ; both spiracular folds well developed. 

* Space between rostral ridges rather narrow ; base 

of first dorsal 2\ to 2} in distance between 
dorsals ; a series of spines in the median line of 

the back 

** Space between rostral ridges broader; base of 
first dorsal 2$ in distance between dorsals ; a 
series of minute tubercles in the median line of 
the back 

b. Praeoral length of snout 2} to 3 times width of 

mouth ; inner spiracular fold small or rudimentary. 

* Rostral ridges rather broad, narrowly separated 

anteriorly ; origin of first dorsal a distance 
behind base of pel vies to li times that 

between the two dorsals ; tubercles in median 
line of back rudimentary ; back pale brownish, 

with groups of small dark spots 

** Rostral ridges narrow, widely separated through* 
out their length : origin of first dorsal a distance 
behind base of pelvics a little less than that 
between the two dorsals ; a series of small spines 
in the median line of the back ; coloration of 
back uniform 

B. Anterior nasal valve extending inwards well beyond 
level of inner edge of nostril, nearly meeting that of 
opposite side. 

1. Roth spitticular folds developed; prasoral length of 
snout 2i to 3 J times width of mouth. 
a. PrsBorbital length of snout 2 to 22 times distance 
between spiracles ; length of nostril about equal to 
width of internarial space. 


8 . holcorhynehus . 


9 . formosennis. # 


10 . Bchlegelii. 


11 . annandalei . 


12 . lionotu*. 


18 . hynnicephal «#. 


14, rhinobatui. 
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* Praoral length of snout 21 to 3 times width of 

mouth; horizontal distance from outer edge of 
nostril to lateral mavgin of snout 3 to 3£ times 
in preeoral length of snout; back with dark 

annular ocelli . .. 15. anmlatus. 

** Praoral length of snout to 2$ times width of 
mouth ; horizontal distance from outer edge of 
nostril to lateral margin of snout to 2f in 
praoral length of snout : snout and pectoral fins 

with pale bluish-grey spots and blotches 10. leucospilus. 

b. Praorbital length of snout nearly 3 times distance 
between spiracles; length of nostril H tunes 
width of internarial space. 

* Width of mouth 3 ui praoral lengtli of snout, 

7iiu distance from tip of snout to anterior edge 
ot vent ; horizontal distance from outer edge of 
nostril to lateral margin of snout more than 4 
in pneoral length of snout ; coloration uniform . 17. zanzibarensis. 
** Width of mouth 8| in pneoral length of snout, 
more than 8 in distance from tip of snout to 
Anterior edge ot venr ; horizontal distance from 
outer edge of nostril to lateral margin of snout 
3$ in praoral length of snout; back with 
numerous bluish -grey ocelli 18- ocellatus. 

2. Only the outer spiracular fold developed; praoral 

length of snout 2i to 2$ times width of mouth 19. blochii. 


American Species. 

Anterior nasal valve not, or only slightly extending inwards 
on to internarial space. 


I. Two spiracular folds. 

A. Upper surface freckled with numerous small white 

spots; rostral ridges nairowly separated, almost 

parallel .. 

B, Upper surface uniformly coloured, or with larger white 

or bluish-grey spots and blotches. 

1, Rostral ridges widely separated throughout their 

a/ Rostral ridges rather broad; hack with regularly 

arranged slate-colouied blotches 

6. Rostral ridges narrow ; back without blotches .. 

2. Rostral ridges more or less approximated, at least 

a a Back°with regularly arranged smallish whito spots; 
praorbital length of snout nearly 3 times distance 
between spiracles .... . 

b. Back uniformly coloured, or with irregularly 
scattered spots. . 

* Praorbital length of snout 2£ to2i times distance 
between spiracles; rostral ridges more or less 
approximated for anterior half of their length . 

•« Pra orbital length of snout 2| to 3 times distance 
between spiracles; rostral ridges more or less 
approximated for rather more than half their 

+ Length of noetril If to nearly twice in width of 
month, « littlo greater than that of internarial 
•pace; interorbital space rather concave ... 

W Length of nostril H in width of mouth, nearly 
li timet that of internarial space ; interorbital 
space flat 

II, Spiracle with a single rudimentary fold 


20. lenttginosus . 

21. plaucostigma. 

22. leucorhynchus. 

23. ftellio. 

24. productus . 

25. percellen a, 

26. horlcelii. 

27. planicept. 
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Text-figure 2. 




RAYS OF THE FAMILY RH INOBATIDAS. 


949 


1. RHINOBATUS GRANULATES. 

Rhinobatus grannl-atus Cuvier, Rogue Anim. ed. 2, ii. p. 396 
{1829); Annandale, Mem. Ind. Muss. ii. 1909, p. 14; Garman, 
Mem. Mus. Comp. Zool. xxxvi. 1913, p. 272. 

Rhinobatus ( Rhinobatus ) granulatus Muller & Henle, Plagiost. 
p. 117, pi. 38 (1841); Duvncril, Elasmobr. p. 493 (1865); 
Bleeker, Verh. Rat. Gen. xxv. 1853. Bengal, p. 82. 

? Rhinobatus ( Rhinobatus ) philippi Muller & Henle, t.c. p. 119, 
pi. 39 (1841 \ 

Rhinobatus tuberculatux (Cuvier) Bleeker, t . c. p. 82. 

Rhinobatus granulatus (part.) Gunther, Cat. Fish. viii. p. 443 
(1870) ; Day, Fish. India, p. 732, pi. cxeii. fig. 2 (1878). 

Rhinobatus spinosus Gunther, t. c. p. 518 (1870). 

Rhinobatus thouini Day, t.c. p. 732, pi. cxc. tig. 4 (1878). 

Rhinobatus acntus Garman, Bull. Mus. Comp. Zool. Ii. 1908, 
p. 253; Mem. Mus. Comp. Zool. xxxvi. 1913, p. 273, pi. 17 b. 
figs. 1 2. 

Snout long, acute, the margins straight or rather concave ; its 
praeorbital length 3^ to 3 if times the distance between the spiracles, 


Text-figure 3. 



i » ’ 


Mhinobatus granulatus. (X id 

and its prseoral length 2jf to 3| times width of mouth. Rostral 
ridges narrow, closely approximated for more than half their 
length, diverging a little posteriorly. Diameter of eye 9 (young) 
to 14 in pmorbifcal length of snout, that of eye -F spiracle about 
1^ in distance between spiracles. Outer fold of spiracle feebly 
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developed, inner rudimentary or absent. Nostrils rather short, 
nearly transverse, nearly twice in width of mouth, equal to or a 
little greater than that of internarial space ; anterior valve not 
extending inwards. Mouth a little curved. First dorsal about 
twice as high as long ; origin a distance behind base of pelvics If 
to a little more than twice that between the two dorsals ; base 
If to 2f in distance between dorsals. Denticles enlarged on the 
back, scapular region, and top of head ; a series of strong com- 
pressed spines in the median line of the back, two or more on 
each shoulder, several round the orbits and above the spiracles, 
and generally a series on each rostral ridge; all the spines 
becoming obtuse and less prominent with age. 

Hab . Coasts of India and Ceylon ; China . 


1. ($,2160 mm.), stuffed. Madras. Miller. 

2. (cf, 400 mm.). India. Day. 

3-4. (df, 8X0 & 605 mm.), stuffed. India. Argent Coll. 

5-6. (<?,?, 450-700 mm.), stuffed. 

9. Jaws. India. Boilenu. 

10. ( c?, 320 mm,), stuffed. [Mexico P] *. Geale. 

Type of JR. spinosus. 

11. (<J, 1300 mm.). Shanghai. Swinhoe. 


2. Rhinobatus OBTUSUS. 

Rhinobatus (Rhinobatus) obtusus Muller & Henle, Plagiost. 
p. 122, pi. 37. fig 2 (1841) ; Dum6ril, Elosmobr. p. 493 (1865). 
Rhinobatus obtusus Gunther, Cat. Fish. viii. p. 443 (1870). 
Rhinobatus halavi Day, Fish. India, p. 731, pi. cxcii. fig. 4 
(1878). 


Text-figure 4. 



Snout sfao^t, broad, obtusely pointed, the margins scarcely 
concave; its praeorbital length about 2j times the distance 

# The type-locality of B. tpinotuM, a species which is clearly synonymous with 
JR. pranulatus, is almost certainly incorrect. 
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between the spiracles, and its prteoral length 1 ^ times width of 
mouth. Rostral ridges rather narrow, more or less separated 
throughout their length, diverging a little anteriorly and 
posteriorly. Diameter of eye about 8 in prseorbital length of 
snout, that of eye -f spiracle 1£ to 13 in distance between 
spiracles. Only the outer fold of the spiracle developed, weak. 
Nostrils rather long, oblique, twice in width of mouth, nearly 
equal to that of internarial space ; anterior valve scarcely 
extending inwards. Mouth nearly straight. First dorsal nearly 
twice as high as long ; origin a distance behind base of pel vies 
twice that between the two dorsals; base to 2£ in distance 
between dorsals. Denticles enlarged on the back, scapular region, 
and top of head ; some of those in the median line of the back 
spinous; no distinct series of spines. 

llah. Coasts of India to the Malay Archipelago. 

1. (2, 930 mm.). India. Day. 

2. ( 9 5 880 aim ), stufled. East Indies. Arjrent Coll 


3. ltTlINOBATUS TIIOUTNIANA. 

La raie thouin Lacepcde, Hist. Nat. Poissons, i. p. 134, pi. i. 
figs. 3-5(1798). 

Raia tkoniniana Shaw, Gen. Zool. v. 2, p. 318, pi. cxlvii. fig. 2 
(1804). 

Rhinohatus ( Rhinohatus ) thouini Muller & Iienle, Plagiost. 
p. 116 (1841); Pumeril, Elasmobr. p. 500, pi. 10. lig. 2 
(1865). 

Rhinohatus (Rhinohatus) Jiyonifer Cantor, J. Asiat, Soc. Bengal, 
xviii. 1850, p. 1397, pi. xiv.; Bleeker, Verb. Bat. Gen. xxiv. 
1852. Plag. p. 59. 

Rhinohatus thouini Gray, Chondropt. p. 94 (1851); Gunther, 
Cat. Fish. viii. p. 442 (1870); Macleay, Proc. Linn. Soc. N. 8. 
Wales, viii. 1884, p. 280; Garmnn, Mem. Mus. Comp. Zool. 
xxxvi. 1913. p. 276, 

Snout rather long, expanded at the tip, the margins distinctly 
concave; its praeorbital length 3£ to 3£ times the distance 
between the spiracles, and its praeoral length a little more than 
3 times width of mouth. Rostral cartilage narrow, expanded 
anteriorly, the ridges approximated for the greater part of their 
length. Diameter of eye 8 to 8| in praeorbital length of snout, 
that of eye and spiracle 1$ to nearly 1| in distance between 
spiracles. Both folds of spiracle feebly developed, the outer the 
more prominent. Nostrils long, oblique, about 1| in width of 
mouth, nearly twice that of the internarial space. Anterior 
valve not extending inwards. Mouth nearly straight. First 
dorsal about twice as high as long ; origin a distance behind base 
of pelvics 1£ to 1£ times that between the two dorsals; base 24 
to 2| in distance between dorsals. Denticles somewhat enlargea 
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Text-figure 5. 



Rhinobatua thouiniana. (X i.) 


on back, scapular region, and top of head ; a series of stron 
compressed spines in the median line of the back, two on each 
shoulder, and several round the orbits and above the spiracles. 
Hah. Red Sea(?); Malay Archipelago to New Guinea. 

1. ( 2 , 406 mm.). R. Hgonifer. Penang. Cantor Coll. 

2. ( $ , 330 mm.), skin. R. Hgonifer. Penang. Cantor Coll. 

3. £,390 mm. Malay Archipelago. Bleeker. 


4. Rhinobatus armatus. 

Rhinohatus typus ? Bennett, in ‘ Life of Raffles,’ p. 694 (1830). 
Rhinohatus armatus Gray, lllust. Indian Zool. ii. pts. 13-14, 
pi. 99 (1834); Peters, Monatsber. Ak. Berlin, 1876, p. 853; 
Gunther, Fische Siidsee, ix. p. 492 (1910); Ogilby, Mem. 
Queensland Mu*, iii. 1915, p. 132 ; ibid . v. 1916, p. 85, fig. 1. 

Rhinohatus (Rhinohatus) armatus Muller & Henle, Plagiost. 
p. 119 (1841) ; Bleeker, Yerh. Bat. Gen. xxiv. 1852, Plag. p. 60; 
Nat. Tijdschr. Ned. Ind. iii. 1852, p. 85 ; Duin^ril, Elasmobr. 
p. 494, pi. 10. fig. 4(1865). 

Rhinohatus granulatus (part.) Giintber, Cat. Fish, viii, p. 443 
<1870) ; Day, Fish. India, p. 732 (1878). 

Shinobatus halavi Garman, Mem. Mus. Comp. Zool. xxxvi. 1913, 
p. 275. 

Snout moderate, bluntly pointed, the margins scarcely concave; 
its pr»eorbita| length 3 to 3} times the distance between the 
spiracles, andMts prooral length about 3 times width of mouth. 
Rostral ridges narrow, closely approximated for the greater part 
of their length, diverging a little posteriorly. Diameter of eye 
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61 to 8| in preeorbital length of snout, that of eye -f spiracle 
lj to If in distance between spiracles. Both folds of spiracles 
feebly developed, the outer the more prominent. Nostrils long, 
oblique, f of or nearly equal to width of mouth, 2^ to 2$ times 
that of internarial space ; anterior valve not extending inwards. 
Mouth nearly straight. First dorsal twice or more than twice as 
high as long; origin n distance behind base of pel vies to If 

times that between the two dorsals ; base 2 to 2J in distance 


Text figure (>. 



between dorsals. Denticles somewhat enlarged on the back, 
scapular region, ami top of head ; a series of fairly strong com- 
pressed spines in the median line of the back, one or two groups 
on each shoulder, and several smaller spines round the orbits and 
above the spiracles. 

Jfab. Indian Ocean ; Malay Peninsula and .'Archipelago to 
Australia and the Solomon Islands. 


1. ( 9 , 420 mm.). India. Hardwick* • 

2. (<? ,620 mm.). Smgapoiv. Morton. 

3-4. id, $ , 470 & 650 mm,). Macassar. Mevcr , 

6. (S, 330 mm.), stuffed. Sumatra. Raffles Coll. 

JR. 1*f pus ? 

8. ( ? , 390 mm.). C. York, N. Australia. Darnel. 

7. (S, 350 mm.). Groote Kvlandt, N.W. Territory, Wilkins. 

Australia. 

8. ( S » 480 mm.). Western Australia. Montague. 


5. Rhinobatus cemiculus. 

Baja rhinobatos (non Linn.) Shaw, Gen. Zooi. v. 2, p. 317, 
pi* cxlvii. fig. 1 (1804). 
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Rhinobatm cemiculus G eoffroy St. H., in Savigny, Egypte, i. 
(1) [Poissons Mer Rouge et Medit.J, p. 338, pi. 27. fig. 3 (1827); 
Miiller & Henle, Plagiost. p. 118 (1841); Dumdril, Elasmobr. 
p. 495, pi. 10. fig. 3 (1865); Oarus, Prod. Faun. Medit. ii. p. 516 
(1889-93). 

Glaucostegus cemioulus Bonaparte, Cat. Metod. Pesci Europ. 
p. 14 (1846). 

Rhinobatu8 halavi Guichenot, Explor. Alger., Poissons, p. 129 
(1850); Doderlein, Natur. Sicil. iii. 1884, p. 169; Carus, Prod. 
Faun. Medit. ii, p. 515 (1889-93); Carruccio, Boll, Soc. Zool. 
Ital. ser. 2, ix. 1901, p. 97 ; Lozano y Key, Mem. Soc. Esp. Hist. 
Nat. xii. 1921, p. 147, pi. ii. figs. 3-4. 

Rhinobatm halavi (part.) Gunther, Cat. Fish. viii. p. 442 
(1870). 

Rhinobatus halavi ? Vinciguerra, Ann. Mus. Civ. St. Nat. 
Genova, xx. 1884, p. 412. 

Snout moderate, bluntly pointed, the margins straight or very 
little concave ; its pr&orbital length about 3 times the distance 

Text-figure 7. 



between the spiracles, and its preeoral length 2$ to 2| times 
width of mouth. Distance from tip of snout to anterior edge of 
eye rather less than that from hinder edge of eye to axil of 
pectoral in adults. Rostral ridges narrow, close together and 
nearly parallel anteriorly, diverging posteriorly. Diameter of eye 
54 to 6£ in praorbital length of snout, that of eye + spiracle 
l| to 1£ in distance between spiracles. Both folds of spiracle 
developed, the inner very small. Nostrils of moderate length, 
oblique, ljf\to in width of mouth, 1£ to \\ times that of 

intemari&l space; anterior valve not or scarcely extending 
inwards. Mouth nearly straight. First dorsal about twice as 
high as long ; origin a distance behind base of pelvics equal to or 
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nearly equal to that between the two dorsals ; base 2£ to 2| in 
distance between dorsals. Skin covered with small denticles ; a 
series of strong compressed spines in the median line of the back, 
a pair on each shoulder arranged thus • , and several smaller 
spines round the orbits and above the spiracles ; young individuals 
with a series of small spines on each rostral ridge. Sometimes a 
black blotch below the end of the snout. 

Hob. Mediterranean. 

1. ( 9 , 776 mm.), stuffed. Zool. Soc. Coll. 

2. ( <j , 686 mm.). Haslar Coll. 

3. ( £ , 600 mm.). Gemileh, Egypt. C. U. Sues Canal Exped. 

4. (S, 280 mm.). L. Menzaleh, Egypt. Mitchell. 

In addition to the specimens listed above, two immature males 
(315 and 385 mm.) from Port Said and Tunis, lent to me by 
Dr. Yinciguerra, have been included in the description of the 
species. 

1 am much indebted to Mr. P. Chabanaud, of the Paris Museum, 
for a photograph of the type of H. cerniculus . 

6. Rhinohatus rasus. 

Rhinobatu8 halavi (part.) Giintber, Cat. Fish. viii. p. 442 

( 187 °), 

Rhinobatus rams Gar man, Bull. Mus. Comp. Zool. li. 1908, 
p. 253; Mem. Mus. Comp. Zool. xxxvi. 1913, p. 270, pi. 17 a. 
figs. 1-2. 

Perhaps not distinct from R, cerniculus. Snout a little longer, 


Text- figure 8. 



Rhinobatus raru*. (X |.) 

its praorbital length nearly 3$> times the distance between the 
.spiracles, and its prworal length 3 times width of mouth. 
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Distance from tip of snout to anterior edge of eye about equal to 
that from hinder edge of eye to axil of pectoral. Diameter of eve 
about 8 in prseorbital length of snout, that of eye + spiracle 1 £ 
in distance between spiracles. Two spines on each shoulder, a 
single one corresponding to the pair present in R . cemiculus, and 
another smaller one placed more laterally. A faint dark blotch 
below the end of the snout. 

Hab, West Africa. 

1. ( 9 1 760 mm,), akin. Gambia. 

2. ($ , 430 min.). R. Bonny. Wood. 


7. Rhinobatus HALAVI. 

Raja halavi Forskal, Descr. Anim. p. 19 (1775). 

Rhinobatus halavi Rfippell, Fische Roth. Meers, p. 55* pi. 14. 
fig. 2 (1828); Klunzinger, Synopsis Fische Roth. Meeres, ii. 

6 235 (1871); Kossman & Rauber, Pisces, in Kossman, Zool. 
rgeb. Reise Roth. Meeres, p. 32 (1877). 

Rhinobatus (Rhinobatus) halavi M filler & Henle, Plagiost. 
p. 120 (1841); Dumeril, Elasmobr. p. 496 (1865). 

Rhinobatus halavi (part.) Gunther, Gat. Fish. viii. p. 442 
(1870). 

Rhinobatus granufatus Bamber, J. Linn. 8oc., Zooh xxxi. 1915, 
p. 477. 

Snout moderate, bluntly pointed, the margins nearly straight; 
its prseorbital length 2| to 3 times the distance between the 

Text-figure 9. 



spiracles, and its pmoral length 2f to 2f times width of mouth. 
Rostral ridges rathernarrow, moie or less approximated for the 
greater part of their length, diverging a little anteriorly and 
posteriorly. Diameter of eye 5 to 6 in prseorbital length of 
snout, that of eye + spiracle 1| to lj in distance between 
spiracles. Outer fold of spiracle moderate, inner small. Nostrils 
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of moderate length, oblique, about in width of mouth, 1^ to 1£ 
times that of internarial space ; anterior valve scarcely extending 
inwards. Mouth nearly straight. First dorsal twice as high as 
long ; origin a distance behind base of pel vies 1§ to nearly 
twice that between the two doi'sals; base 2$ to 2£ in distance 
between dorsals. Denticles enlarged on the back, scapular region, 
and top of head ; a series of compressed spines in the median line 
of the back, becoming more obtuse and irregular with age, one or 
two on each shoulder, and several smaller ones round the orbits 
and above the spiracles ; young individuals with a series of small 
spines on each rostral ridge. 

Hab . lied Sea and Persian Gulf ; China. 


1-2. (<?, $ , 300 & 600 mm.). 

3. (cf, 700 mm.), stuffed. 

4, ( 9 , 1500 mm.), stuffed. 
6. (?, 890 mm.), stuffed. 


Bed Sea. Biwbee. 

Bed Sea. Buppell. 

Muscat. Jaj'aker. 

China. 


8. Rhinobatus HOLCORHYNCHUS. 

Rhinobatus holcorhynckm Norman, Ann. Mag. Nat. Hist, 
ser. 9, ix. 1922, p. 318; Barnard, Ann. S. African Mus. xxi. 
1925, p. 61, pi. iii. fig*. 7, text-fig. 

Rhinobatus nalalensis Fowler, Atm. Natal Mus. v. 1925, p. 195, 
%• 1 * 

Rhinobatus rasas Fowler, Proc. Acad. Nat. Sci. Philad. lxxvii. 
1925, p. 192. 


Text-figure 10. 



Snout long* bluntly pointed, the margins somewhat concave ; 
its prieorbital length 2J times the distance between the spiracles, 
Pboo. Zool. Soc.— 1926, No, LXIII. 63 
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and its prieoral length 3^ times width of mouth. Rostral ridges 
narrow, widely separated and nearly parallel throughout their 
length, converging a little anteriorly. Diameter of eye 4£ in 
prajorbital length of snout, that of eye -f spiracle equal to the 
distance between spiracles. Outer fold of spiracle moderate, 
inner small. Nostrils long, oblique, 1| in width of mouth, 
1£ times that of internarial space; anterior valve extending 
inwards as far as level of inner edge of nostril. Mouth nearly 
straight. First dorsal twice as high as long; origin a distance 
behind base of pelvics 1 ^ times in that between the two dorsals ; 
base 3jf in distance between dorsals. Skin smooth ; a series of 
blunt tubercles in the median line of the back, a group of three 
or four on each shoulder, and some smaller ones round the orbits 
and above the spiracles. A dark blotch below the end of the 
snout. 

Hah . Natal and Zululand. 

1. (<J, 700 mm.). Type of the species. Zululand Coast, 46 f ms. Marley. 

9. Rhinobatus formosensis, sp. n. 

Hhinobatu* schlegelii (part.) Gunther, Cat. Fish. viii. p. 445 
(1870). 

‘IRhinobatus schlegelii Gar man, Mem. Mus. Comp. Zool. xxxvi. 
1913, p. 276. 

Snout long, bluntly pointed, the margins straight or a little 
concave; its praeorbital length a little more than 3 times the 


Text-figure 11. 



Rhinobatus formosensis, (X 3 ) 


distance between the spiracles, and its prieoral length 3$ to 3$ 
times width of mouth. Rostral ridges rather narrow, more or 
less separated throughout their length, nearly parallel anteriorly, 
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diverging a little posteriorly. Diameter of eye 4j to 4f in 
prseorbital lengtli of snout, that of eye -f spiracle nearly equal 
to distance between spiracles. Outer fold of spiracle well 
developed, inner small. Nostrils of moderate length, oblique, 
If to 1 j in width of mouth, about 1| times that of internarial 
space; distance from lateral margin of snout (measured 
horizontally) a little less than length of nostril ; anterior valve 
extending inwards nearly as far as level of inner edge of nostril. 
Mouth nearly straight. First dorsal nearly twice as high as long ; 
origin a distance behind base of pel vies equal to or greater than 
that between the two dorsals ; base 3 to 3 j in distance between 
dorsals. Skin covered with minute denticles, smooth to the 
touch ; a series of rudimentary tubercles in the median line of 
the back, round the orbits and above the spiracles, scarcely 
discernible without the aid of a Jens. 

II ab. Formosa. 

1-2. ( £ , 026 & 630 mm.). Typos of the species. Formosa. Swiuhoe. 

10. RhINOBATUS SCULEOKLIl. 

Rhinobatus ( Rhinobatus) schlegelii Muller & Henle, Plagiost, 
p. 123, pi. 42 (1841); Dtimdril, Elasmobr. p. 497 (1805). 

Rhi nobat as schlegelii Richardson, Rep. Brit. Ass. for 1845 
(1846), p. 195; Schlegal, Faun. Japon. p. 307 ( 1850) ; Bleeker, 
Act. Hoc. Sci. lndo-Neorl. iii. 1858, Japan, p. 41 ; Pietschmann, 
Sitzber. K. Ak. Wiss. exvii. Abt. 1, 1908, p. 15. 

Rhinobatus schleydii (part.) Gimther, Cat. Fi.sh. viii. p. 445 
(1870). 

Rhinobatus schleyd (part.) Jordon tfc Fowler, Proc. U.S. Nat. 
Mns. xxvi. 1903, j). 645. 

Snout long, bluntly pointed, the margins concave; its pne- 
orbital length 3| times the distance between the spiracles, and its 
pr&'oral length 3J- times width of mouth. Rostral ridges rather 
narrow, parallel and approx 'mated anteriorly, diverging a little 
posteriorly. Diameter of eye nearly 5 in pneorbital length of 
snout, that of eye *f spiracle nearly equal to distance between 
spiracles. Both folds of spiracle feebly developed, the outer the 
more prominent. Nostrils rather short, oblique, If in width of 
mouth, 1 times that of internarial space ; distance from lateral 
margin of snout greater than length of nostril; anterior valve 
extending inwards nearly as far as level of inner edge of nostril. 
Mouth nearly straight. First dorsal about twice as high as long ; 
origin a distance behind base of pelvics a little greater than that 
between the two dorsals ; base about 3 in distance between 
dorsals. Skin covered with minute denticles, smooth to the 
touch ; a series of small blunt tubercles in the median line of the 
back, round the orbits, and above the spiracles. A black blotch 
below the end of the snout. 

Hah. China and Japan. 

1. ($, 870 mm.). Japan, Jamracli. 

63 * 
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The species of Rhinohatns from Japan appear to have been 
somewhat confused. Borne of the records of R. schlegelii probably 
refer to 7?. polyoph thalm ns or ]?. form o$e>i sis. 


Text-figure 12. 



I am greatly indebted to Dr. C. Popta for photographs of the 
types of R. schlegelii and R. polyo phthalmus (Bleaker Collection) in 
the Leiden Museum. 


11. RhINOBATUS ANNAN DA LEI, sp. 11. 

Rhinobatm column cc (non Bonaparte) Annandale, Mem. lnd. 
Mus. ii. 1909, p. 14. 


Text-figure 13. 



J fchinobattts annandalei, (X &•.) 


Snout moderate, bluntly pointed, the margins a little concave ; 
its pneorbltal length about 2% times the distance between the 
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spiracles, and its pneoral length 2^- to 2| times width of mouth. 
Rostral ridges more or less separated throughout their length, 
parallel anteriorly, diverging a little posteriorly. Diameter of 
eye 3$ to 3§ in proeorbital length of snout, that of eye 4- 
spiracle a little greater than distance between spiracles. Doth 
folds of spiracle strongly developed, the outer the mot e prominent. 
Nostrils of moderate length, 1 J in width of mouth, about 1 1 times 
that of in terminal space ; anterior valve extending inwards to 
level of inner edge of nostril or a little beyond. Mouth neatly 
straight. First dorsal a little more than twice as high as long; 
oiigiu a distance behind base of pel vies 1| to 1J in that between 
the two dorsals ; base 2] to 2$ in distance between dorsals. 
Skin covered with minute denticles, rather smooth to the touch ; 
a series of fairly small and dose-set spines in the median line of 
the back, two to four on each shoulder, and several round the 
orbits and above the spiracles ; all the spines stronger and sharper 
in the male. 

I fab. Bengal. 

1, 2. ( <?, ? , 415 & 395 mm.). Hast Channel, mouth of Indian Museum. 

Types of the species. It llughli, 40 fins. 

12. llliiNOBArUS LIONOTU 8 , sp. 11. 

Ithinohatus schfajelii {non M tiller & Henle), Annamlale, Mem. 
Ind. Mus. ii. 1909, p. 19. 

Snout moderate, bluntly pointed, the margins scarcely concave ; 
its pneorhitnl length 2^ times the distance between the spiracles, 


Text-figure 14. 



and its praeoral length 2f times width of mouth. Rostral ridges 
more or less separated throughout their length, parallel anteriorly, 
diverging posteriorly. Diameter of eye 3f in prceorbital length 
of snout, that of eye and spiracle about equal to distance between 
spiracles. Both folds of spiracles very strongly developed, the 
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outer the more prominent. Nostrils of moderate length, oblique, 
1$ in width of mouth, 1$ times that of internarial space ; anterior 
valve extending inwards about to level of inner edge of nostril. 
Mouth nearly straight. First dorsal twice as high as long ; origin 
a distance behind base of pelvics about equal to that between the 
two dorsals ; base 2£ in distance between dorsals. Skin covered 
with minute denticles, smooth to the touch ; a series of minute 
tubercles in the median line of the back, a single one on each 
shoulder, and several round the orbits and above the spiracles. 
Hob. Bengal. 

1. ( ? , 500 mm.). Type of East Channel, mouth of Indian Museum, 

the species. K. Hughli, 40 fins. 


13. Rhinobatus iiYnnicbphalus. 

Rhinobatus hyimicephalus Richardson, Rep. Brit. Ass. for 1845 
(1846), p. 195; Garrnan, Mem. Mus. Comp. Zool. xxxvi. 1913, 
p. 274. 

Rhinobatus (Syrrhina) polyophthahnus Bleeker, Nat. Tijdsehr. 
Ned. Ind. vi. 1854, p. 423 ; Verb. Bat. Gen. xxvi. 1854-7, Japan, 
p. 129. 

Raja ( Syrrhina ) columns Bleeker, Ned. Tijdsehr. Dierk. li. 
1865] p. 271 ; ibid. iv. 1873, p. 120. 

Rh inobat us polyophthalm us Bleeker, Act. 8©c. Sci. Indo-Neerl. 
iii. 1857, Japan, pi. iv. ; Jordon <fc Fowler, Proc. U.S. Nat. Mus. 
xxvi. 1903, p. 646; Garrnan, Mem. Mus. Comp, Zool. xxxvi. 
1913, p. 274. 

Rhinobatu8 schlegelii (part.) Gunther, Cat. Fish. viii. p. 445 
(1870). 

Rhinobatus columnce Steindnchner, Ann. Nat. Hofmus. Wien, 
xi. 1896, p. 225. 

Snout moderate, bluntly pointed, the margins scarcely concave ; 
its praeorbital length 2 $• to 2| times the distance between the 
spiracles, and its pneoral length about 3 times width of month. 
Rostral ridges rather broad, narrowly separated anteriorly, 
diverging a little posteriorly. Diameter of eye 4$ to 5$ in 
praeorbital length of snout, that of eye 4- spiracle to l J in 
distance between spiracles. Outer fold of spiracle moderately 
developed, inner rudimentary or absent. Nostrils of moderate 
length, oblique, 1£ to ljj- in width of mouth, about times that 
of internarial space ; anterior valve extending inwards to level of 
inner edge of nostril or a little beyond. Mouth nearly straight. 
First dorsal about twice as high as long ; origin a distance behind 
base of pelvics 14 to times that between the two dorsals ; base 
2£ to nearly 3 in distance between dorsals. Skin covered with 
minute denticles, smooth to the touch ; a series of very small, 
blunt tubercles in the median line of the back, and a few round 
the orbits and above the spiracles. Back brownish, with groups 
of small blackish-brown spots, sometimes forming oval or rounded 
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Text-figure 1 5. 



Rhinobatus ht/nnirephahis. (x J.) 


ring.s ; the markings tend to become less conspicuous in older 
examples ; young with a faint dark blotch below the end of the 
snout. 

Jlab. China and Japan. 

1. ( y , 700 nun.). Japan. Jamrach. 

2. ( <?, Bio nun.). Hiroshima, Japan. Jordan. 

3. ( V , 620 mm ). Inland Sea of Japan. Gordon Smith 

4. (cj, 330 mm.). inland Sea of Japan. Gordon Smith. 

Richardson's species (R. hynnicephalus) was based on an 
illustration in the collection of water-colour drawings of Chinese 
fishes made by Mr. J. Reeves [plate 119, No. A 7j. I have 
compared this figure with a photograph of the type of 
R. polyophthalmns in the Leiden Museum, and conclude that the 
two species are synonymous. 

14. RlUNOBATUS ItHINOBATUS. 

Raja rhinobatus Liniueus, Syst. Nat., Ed. 10, p. 232 (1758). 
Raja rostrata Shaw, Nat. Misc. v. pi. 173 (1794). 

Rhinobatus rhinobatus (part.) Bloch, Schneider, Syst. Ichtli. 
p* 353 (1801); Ganuan, Mem. Mus. Comp. Zool. xxxvi. 1913, 
p. 270. 

Leiobatm panduratus Rafinesque, Caratteri, p. 16 (1810); 
Indice, p. 48, no. 361 (1810). 

Rhinobatus vulgaris Cloquet, Diet. Sci. Nat. xlv. 1827, p. 326. 
Rhinobatus columnar Bonaparte, Icon. Fauna Ital. iii. Pesca, 
[14, 17J (1835-6); Costa, Fauna Reg. Napoli, Pesci, 8, pi. x. 
(1850); Steindachner, Denkschr. Ak. W’iss. xlv. 1882, p. 14 ; 
Vinciguerra, Ann. Mus. Civ. St. Nat. Genova, xx. 1884, p. 312; 
Pietschmann, Ann, Nat. Hofmus. Wien, xxi. 1906, p. 129 ; 
Lozano y Roy, Mem. Soc. Esp. Hist. Nat. xii. 1921, p. 146, pi. ii. 
figs. 1-2. 

Rhinobatus ( Syrrhina ) columnar, Muller <fc Henle, Plagiost. 
p. 113 (1841); Duun&ril, Elasmobr. p. 486 (1865). 
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Snout moderate, bluntly pointed, the margins a little concave ; 
its pra?orbital length nearly 3 times the distance between the 
spiracles, and its prteoral length 2 $ times width of mouth. 
Rostral ridges narrow, separated throughout their length, con- 
verging a little anteriorly, parallel posteriorly. Diameter of eye 
a little more than 5 in piteorbital length of snout, that of eye + 
spiracle a little less than distance between spiracles. Both folds 
of spiracle moderately developed, the outer the more prominent. 
Nostrils of moderate length, oblique, If in width of mouth, 
lj* times that of interna rial space; anterior valve extending 


Text-figure 16. 



inwards a little beyond level of inner edge of nostril. Mouth 
nearly straight. First dorsal about twice as high as long ; origin 
a distance behind base of pelvics a little less than that between 
the two dorsals; base 2f in distance between dorsals. Skin 
covered with minute denticles, rather smooth to the touch ; a 
series of small, compressed spines in the median line of the back, 
three on each shoulder, and several smaller ones round the orbits 
and above the spiracles. 

Sab . Mediterranean ; West Africa (Steindachner). 

The above description is based on a single specimen ( 6 , 
545 inm.) from Tunis, lent to me by Dr. L. Vinciguerra. 

15* Rhinobatus annulatus. 

Rhinobatus ( Syrt'Kina ) annulatus Muller & Henle, Plagiost. 
p. 116 (1841); Sm|th, Must. Zool. S. Africa, Pi*ces, pi. xvi. 
(1842) ; Dum6ril, JHasmobr. p. 487, pi. 10. fig. 6 (1865). 

Rhinobatus annulatus Kner, Reise 6 Novara,' Zool. i. 5 Fische, 
p. 416 (1869); Garina n, Mem. Mus. Comp. Zool. xxxvi. 1913, 
p. 271 ; Bond© & Swart, Fish. Mar. Survey S.A. iii. Spec. Rep. 
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v. 1923, p. 3; Barnard, Ann, 8. African Mus. xxi. 1925, p. 59, 
text-tig. 9tf. 

Rhinobatm columnar (part.) Gunther, Cat. Fish. viii. p. 446 
(1870). 

Rhinohatm blochii (part.) Regan, Ann. Natal Gov. Mus. i. 
1908, p.242. 

Snout moderate, bluntly pointed, the margins straight or very 
little concave ; its prseorbital length 2j to 23 times the distance 
between the spiracles, and its prteonil length 2J to 3 times width 
of mouth. Rostral ridges rather narrow, separated throughout 
their length, parallel or converging a little anteriorly, diverging 

Text-figure 17. 



posteriorly. Diameter of eye 5 to 5^ in piuorbital length of 
snout, that of eye -f spiracle Ji to 1| in distance between 
spiracles. Both folds of spiracle well developed, the outer the 
more prominent. Nostrils of moderate length, oblique, 1$ to 
nearly twice in width of mouth, about equal to that of interna rial 
space; distance from lateral margin of snout 3 to 3§ in prajoral 
length of snout ; anterior valve extending inwards well beyond 
level of inner edge of nostril, nearly meet ing that of opposite side. 
Mouth nearly straight. First dorsal nearly twice as high as 
long; origin a distance behind base of pel vies about equal to that 
between the two dorsals; base to nearly 3 in distance between 
dorsals. Skin cover© I with minute denticles, rather smooth to 
the touch ; a series of small, compressed spines in the median 
line of the hack, in one or two groups on each shoulder, and 
some smaller spines round the orbits and above the spiracles ; all 
the spines becoming less prominent with age. Upper surface of 
body with dark annular ocelli, the largest of which are smaller 
than the eye. 

Hob. South Africa. 


1. ( 9 , 1020 mm.), stuffed. Cape of Good Hope. Smith. 

Type of the species. 

IS. ( $ , 980 mm.). Cape of Good Hope. Geriard. 

3. ( £> 440 mm.). Port Natal. Ayres. 

4. (2 , 880 mm.). Bird Isd,, Algoa Bay. Warren. 

6. ( $ , 780 mm.). Zulnland Coast, 40-50 fms. Marlcy. 
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16. Rhjnobatus leucospilus, sp. n. 

RhinobatuB bloehii (part.) Regan, Arm. Natal Gov. Mus. i. 
1908, p. 242. 

IRhinobatua bloehii Gilchrist k Thompson, Ann. S. African Mus. 
xi. 1911, p. 55. 

Very close to the preceding species, but with the snout rather 
shorter and broader; its prseorbital length 2 to 2| times the 
distance between the spiracles, and its prgeoral length 2£ to 2$ 
times width of mouth. Diameter of eye 3| to 4 in pneorbital 

Text-figure 18. 



length of snout, that of eye and spiracle a little less than distance 
between spiracles. Distance between outer edge of nostril and 
lateral margin of snout to 2| in praooral length of snout. 
Spines on back and shoulders minute. Back brownish, the 
margins of the pectoral and pelvic fins bluish grey ; snout and 
pectoral fins with a number of pale bluish-grey spots and blotches 
symmetrically arranged. 

Bab. Natal. 

1. ( <$, 415 mm.). Type of the specie. Durban. Warren. 

2. ( , 250 mm.). Type of the specie*. Durban. Marley. 

17. RhINORATUS ZANZIBAR J^NSIS, sp. 11 . 

RhivobatuB schhgelii (von Muller k Henle), Playfair & Gunther, 
Fish. Zanzibar, p. 142 (1866). 

lihinobatus columncv (part.) Giinther, Cat. Fish. viii. p. 446 
(1870). 

Snout moderate, bluntly pointed, the margins straight; its 
prseorbital length nearly 3 times the distance between the 
spiracles, and its pipeoral length about 3 times width of mouth, 
which is 7 J in dista&ce from tip of snout to anterior edge of vent. 
Rostral ridges rather broad, separated throughout their length, 
almost parallel. Diameter of eye about 4| in prreorbital length 
of snout, that of eye + spiracle about equal to distance between 
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spiracles. Both folds of spiracle well developed, the outer the 
more prominent. Nostrils rather long, oblique, nearly 1J in 
width of mouth, times that of internarial space; distance 
between outer edge of nostril and lateral margin of snout more 
than 4 times in praeoral length of snout ; anterior valve extending 
inwards well beyond level of inner edge of nostril, separated irom 
that of opposite side by a distance which is 2| to 3 in internarial 

Text* figure 19. 



Rhinobatus Zanzibar enttis. (X $.) 


width. Mouth nem ly straight. First dorsal about 1^ times as 
high as long; origin a distance behind b«>e of pehics 1$ to 1| 
times that between the two dorsals ; base 2 ( ] in distance between 
dorsals. 8kin covered with minute denticles ; a series of very 
small, blunt spines in the median line of the back, in two groups 
on each shoulder, and some smaller spines round the orbits and 
above the spiracles. 

Hah. Zanzibar. 

1. (St 750 mm,). Type of tie* Kpwnes. Zanzibar. Playfair. 

2. (? , 2060 mm.), stuffed. Zanzibar. Plajfnir. 

18. Rhinobatus ocellatfs, sp. n. 

Rhinobatus columnce {non Bonaparte), Regan, Ann. Natal Gov. 
Mus. i. 1908, p. 242, 

Close to R . Zanzibar ensis. Praeoral length of snout 3 i times 
width of mouth, which is more than 8 times in distance from tip 
of snout to anterior edge of vent. Nostrils of moderate length, 
oblique, 1 jf in width of mouth, 1| times that of internarial space ; 
distance between outer edge of nostril and lateral margin of 
snout about 3f in prnoral length of snout ; auterior valve 
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extending inwards well beyond level of inner edge of nostril, 
separated from that of opposite side by a distance whieh is 3£ in 
internarial width. First dorsal about twice as high as long ; 
origin a distance behind base of pel vies a little greater than that 
between the two dorsals; base 3$ in distance between dorsals. 


Text- figure 20. 



Rhinobatus ocellatus. (X £.) 


Skin covered with minute denticles; a series of small, blunt 
spines in the median line of the back, a single pair on each 
shoulder, and a few spines round the orbits and above the 
spiracles. Back brownish, with numerous bluish-grey ocelli, the 
largest of which are smaller than the eye. 

Hab, South Africa. 

1. 700 ram.). Type of the species. Hird ltd., Algoa Bay. Warren. 

19. Rhinobatus blochii. 

Rhinobatus {tiyri'hina) blochii Muller & Henle, Plagiost. p. 115, 
pi. 37. fig. 1 (1841); Dumdril, Elasmobr. p. 488, pi. 10. lig. 5 
(1865). 

£ Rhinobatus blochii Giinther, Cat. Fish. viii. p. 447 (1870); 
Carman, Mem. Mus. Comp. Zooh xxxvi. 1913, p. 271 ; Bonde & 
Swart, Fish. Mar. Survey S.A. iii. Spec. Bep. v. 1923, p. 3 ; 
Barnard, Ann. S. African Mus. xxi. 1925, p. 61, text- fig. 9 5 . 

Snout shorty broad, obtusely pointed, the margins somewhat 
convex ; its prseorbital length If to 1| times the distance between 
the spiracles, and its prieoral length 2| to 2# times width of 
mouth. Rostral ridges ratHer narrow, separated throughout 
their length, parallel anteriorly, diverging a little posteriorly. 
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Diameter of eye 3| to 4 in praeorbital length of snout, that of eye 
+ spiracle 1| to 1|* in distance between spiracles. Only the 
outer spiracular fold developed. Nostrils short, oblique, 1| to 
nearly twice in width of mouth, about equal to that of internarial 
space; anterior valve extending inwards well beyond level of 
inner edge of nostril, nearly meeting that of opposite side. 
Mouth nearly straight. First dorsal 1 1 to 1 1 times as high as 
long; origin a distance behind base of pel vies equal to or a little 


Text-figure 21. 



smooth to the touch; a series of small spines in the median line 
of the back, and some smaller ones on head and scapular region: 
all the spines becoming less prominent and irregularly disposed 
in older examples. Young with a few small, round white spots 
on upper surface of head and body. 

Hah. South Africa. 

1-2. ( 9 i 9^5 & 960 mm.), stuffed. Cape of Good Hope. 

3. (£,385 mm) (’ape of Good Hope. 

4. ( 560 min.). Table Hay. Gilchrist. 

6. ($? f 225 mm.). Table Ha\ . Gilchrist. 

20. KUINOBATIJB LENTIGINOSU8. 

Rhinobatus lentiglnosns Gannan, Hull. Mus. Comp. Zool. vi. 
1880, p. 168 ; Proc. U.S. Nat. Mus. iii. 1881, p. 519 ; Jordan k 
Evermann, Bull. U.S. Nat. Mus. xlvii. 1896, p. 62, pi. viii. 
fig. 28, pi. ix. figs. 28 a-h ; Gariuan, Mem. Mus. Comp. Zool. 
xxxvi. 1913, p. 279, pi. 17. 

Snout rather long, bluntly pointed, the margins nearly straight ; 
its pmorbital length 2£ times the distance between the spiracles, 
and its praoral length about 3 times width of mouth. Rostral 
ridges rather broad, riarrowly separated throughout their length, 
nearly parallel. Diameter of eye 6 in praeorbitai length of snout, 
that of eye + spiracle a little less than distance between 
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spiracles. Both folds of spiracle developed, the outer the more 
prominent. Nostrils of moderate length, oblique, 1£ in width of 
mouth, a little greater than that of internarial space ; anterior 
valve scarcely extending inwards. Mouth nearly straight. First 
dorsal 1 jj times as high as long ; origin a distance behind base of 
pelvics about equal to that between the two dorsals; base 2J in 
distance between dorsals. Skin covered with minute denticles, 


Text-figure 22. 



7 Ihinohatus lent iff inosu g. (X k-) 


smooth to the touch ; a series of rather small, blunt spines in the 
median line of the back, a single pair on each shoulder, and several 
spines round the orbits and above the spiracles ; a small group of 
stronger spines above tip of snout. Back greyish, densely 
freckled with small paler spots. 

Hah . Atlantic Coast of America from North Carolina south- 
wards to the coast of Florida , 

1. ( 9 , 780 mm.). Morehead, N.C. Coles. 

21. RHINOBATUS ULAUCOST1GMA. 

Rhinobatus glaucoetigma Jordan Gilbert, Proc. TJ.S. Nat. 
Mus. vi. 1884, p. 210; Jordan & Everinann, Bull. U.S. Nat. 
Mns. xlvii. 1896, p. 62; Boulanger, Bol3. Mus. Zool. Anat. 
Torino, xiii. 1898, no. 329, p, 1 ; Carman, Mem. Mus. Comp. 
Zool. xxxvi. 1913, p. 382. 

Snout moderate, bluntly pointed, the margins nearly straight ; 
its prasorbital length 2 1 times the distance between the spiracles, 
and its preeoral length nearly 3 times width of mouth. Rostral 
ridges rather broad, widely separated throughout their length, 
nearly parallel. Diameter of eye 6 in pmorbifcal length of snout, 
that of eye 4- spiracle | of distance between spiracles. Both 
folds of spiracle developed, the outer the more prominent. 
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Nostrils rather long, oblique, If in width of mouth, If times that 
of internarial spare; anterior valve extending a little inwards. 
Mouth nearly straight. First dorsal nearly twice as high as 
long ; origin a distance behind base of pelvics about equal to 
that between the two dorsals ; base 2f in distance between 
dorsals. Skin covered with minute denticles, smooth to the 


Text- figure 23. 



touch ; a Neries of small, blunt spines in the median line of the 
back, a single group on each shoulder, and several spines round 
the orbits and above the spiracles. Back brownish grey ; a series 
of round slate-coloured spots symmetrically arranged ; pectoral and 
pelvic fins with pale margins; a dark blotch and some irregular 
dark patches below the snout. 

Hab. Pacific Coast of America from the Gulf of California to 
Ecuador. 

1. ( 9 , &80 rrtm.). Mnzntlau. Jordan. 

22. Riiinobatus leucorhyxohus. 

Rhinobatus leucorhynchus Gunther, Proc. Zook Soc. 1866, 
p, 604 ; Trans, Zook Soc. vi. 1869, ]>. 490; Cat. Fish. viii. p. 444, 
fig. (1870); Carman, Proc. IJ.S. Nat. Mus. iii. 1881, p. 517; 
Jordan & Evermann, Bulk U.S. Nat. Mus. xlvii. 1896, p. 62; 
Gilbert & Starks, Mem. Calif. Acad. Sci. iv. 1904, p. 14 ; Carman, 
Mem. Mus. Comp. Zool. xxxvi. 1 913, p. 282 ; Meek <fc Hildebrand, 
Pub. Field Mus. Nat. Hist., Zook Ser. xv. 1923, p. 68. 

Snout moderate, pointed, the margins straight ; its prseorbital 
length a little more than twice the distance between the spiracles, 
and its pr®oral length about 2| times width of mouth. Rostral 
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ridges narrow, widely separated throughout their length, con- 
verging anteriorly. Diameter of eye 4f to 5 in prasorbital length 
of snout, that of eye 4* spiracle | to 4 of distance between 
spiracles. Both folds of spiracle developed, the outer the more 
prominent. Nostrils rather long, oblique, 1| in width of mouth, 
If to 1| times that of internarial space ; anterior valve scarcely 
extending inwards. Mouth nearly straight. First dorsal If to 


Text-figure 24. 



twice as high as long; oi-igin a distance behind base of pel vies 
about equal to that between the two dorsals; base 2§ to in 
distance between dorsals. Skin covered with minute denticles, 
smooth to the touch ; a series of small spines in the median line 
of the back, in two groups on each shoulder, and several spines 
round the orbits and above the spiracles. 

Hob. Pacific Coast of Central America. 

1. I c?, 560 ram.). Type of Pacific Coast of Central Dow. 

the specie*. America. 

2. ( 9 , 625 mm.). Panama. Jordan. 

23. ItHINOBATUS STKLLI0. 

lihinobatxw steUio Jordan & Rutter, Proc. Acad. Nat. 8ci. 
Philad. 1897, p. 91. 

Snout moderate, pointed, the margins straight ; its prteorhit&l 
length nearly 3 times the distance between the spiracles, and its 
piworal length 2f tinges width of mouth. Rostral ridges rather 
narrow, narrowly separated anteriorly, diverging posteriorly. 
Diameter of eye 4J in prseorbital length of snout, that of eye -f 
spiracle nearly to distance between spiracles. Both folds 
of spiracle developed, the outer the more prominent. Nostrils of 
moderate length, oblique, If in width of mouth, a little greater 
than that of internarial space ; anterior valve scarcely extending 
inwards. Mouth nearly straight. First dorsal about If times 
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as high as long ; origin a distance behind base of pelvics about 
equal to that between the two dorsals ; base 2jt in distance 
between dorsals. Skin covered with minute denticles, smooth to 
the touch ; a series of small, blunt spines in the median line of 
the back, a single minute spine on each shoulder, and several 

Text-figure 25. 



small ones round the orbits and above the spiracles. Back 
brownish ; numerous small white spots, all smaller than the 
pupil, symmetrically arranged ; edges of lower surface of snout 
stained with darker. 

11 ah. Jamaica. 

I . ($,295 mm.). Jamaica. Roberts. 

24. Rhinobatus productus. 

Rhinobatus productus Girard, Proc. Acad. Nat. Sci. Philad. vii. 
1856, p. 196; Garnmn, Proc. U.S. Nat. Mus. iii. 1881, p. 517 ; 
Jordan & E verm ann, Bull. U.S. Nat. Mus. xlvii. 1896, p. 63 ; 
Starks <fc Morris, Univ. Calif. Pub. Zool. iii. 1 907, p. 168 ; Garman, 
Mem. Mus. Comp. Zool. xxxvi. 1913, p. 281. 

Snout moderate, bluntly pointed, the margins straight; its 
prseorbit&l length 2£ to 2| times the distance between the 
spiracles, and its prasoral length 2f to 3 times width of mouth. 
Rostral ridges rather narrow, more or less approximated in the 
anterior half of their length, diverging posteriorly. Young of 
both sexes with a fringed membranous flap above the tip of the 
snout. Diameter of eye 4J to 5f in praeorbital length of snout, 
that of eye 4- spiracle 4 to J of distance between spiracles. 
Both folds of spiracle developed, the outer the more prominent. 
Nostrils rather long, oblique, l| to If in width of mouth, 1£ to 
1-J. times that of internarial space; anterior valve extending a 
Pboc. Zool. Soc. — 1926, No. LXIY, 64 
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little inwards. Mouth nearly straight. First dorsal If to twice 
as high as long; origin a distance behind base of pelvics equal to 
or a little less than that between the two donsals ; base 2^ to 2f 
in distance between dorsals. Skin covered with small or minute 
denticles ; a series of strong, compressed spines in the median 
line of the back in the young, becoming blunter and more 


Text-figure 26. 



Rhinobatus productun, (X £.) 


irregularly disposed with age ; two spines on each shoulder, and 
several round the orbits and above the spiracles, which tend to 
become less prominent or to disappear almost entirely in the 
adults; young with a series of smaller spines on each rostral 
ridge. Sometimes a black blotch, or some irregular blackish 
markings below end of snout. 

Sab, Coast of California. 


1-2. (^,860 A 880 mm.). 
8-6. (£, 246-280 mm.). 

8. (2,360mm.). 

7-0. { y , 860-700 mm.). 


San Diego. 
San Diego. 
San Diego. 
San Diego. 


Eigenmann. 

Eigenmann. 

Smithsonian Institution. 
Jordan. 


25. Bhinobatus percellens. 

Raja percellens Walbaura, Artedi Pise. p. 525 (1792). 
Rhinobatus dectricus Bloch, Schneider, Syst. Ichth. p. 356 
<1801). 

Rhinobatus undulatus Olfers, Die Gattung Torpedo , p. 22 
(1831); Giinther, Cat. Fish. viii. p. 444 (1870); Garman, Proc, 
XJ*S. Nat. Mus. iii. 1881, p. 518. 

Rhinobatus glmcostictm Olfers, t.c. p. 22 (1831), 

Rhinobatus marccgravii Henle, Ueber Narcine, p. 34 (1834). 
Rhinobatus ( Rhinobatus ) undulatm Muller & Henle, Plagiost. 
p, 121, pi. 40 (1841); Dum4ril, Eiasmobr. p. 498 (1865). 
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Rhinobatw percellens Jordan & Evermann, Bull. U.S. Nat. 
Mus. xlvii, 1896, p. 63 ; Garman, Mem. Mus. Comp. Zool. xxxvi. 
1913, p. 278, pi. 55. fig. 4, pi. 56. fig. 7, pi. 65. fig. 2; Starks, 
Fishes Stanford Exped. Brazil, p. 5 (1913); Kibeiro, Fauna 
Brasi liens© , Peixes, ii. pt. 1, fasc. 1 Desmobr. p. 31,pl.xi. (1923); 
Meek <fc Hildebrand, Pub. Field Mus. Nat. Hist., Zool. Ser. xv. 
1923, p. 69. 

Snout rather long, bluntly pointed, the margins scarcely 
•concave; its praeorbital length 2jj to 3 times the distance 
between the spiracles, and its praeoral length 2| to 3 times width 
of mouth. Rostral ridges rather narrow, close together and 
parallel for a little more than half their length, diverging 
posteriorly ; more or less expanded near extremity of snout. 
Diameter of eye 41 to 6 in pneorbital length of snout, that of 
•eye -h spiracle about jj of distance between spiracles. Space 
be&ween orbital ridges concave, its width 4| to 5 in prieorbital 
length of snout. Both folds of spiracle developed, the outer the 


Text-figure 27. 



more prominent. Nostrils of moderate length, oblique, 14 to 
nearly twice in width of mouth, a little greater than that of 
iuternarial space ; anterior valve extending a little inwards. 
Mouth nearly straight. First dorsal 1| times as high as long ; 
origin a distance behind base of pelvics a little greater than that 
between the two dorsals; base 2| to 24 in distance between 
dorsals. Skin covered with minute denticles, smooth to the 
touch ; a series of small, rather blunt spines in the median line 
of the back, one or two inconspicuous spines on each shoulder, 
and several small ones round the orbits and above the spiraoles. 
Back greyish brown, generally with some indistinct darker 

64 * 
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markings on body, ami some faint irregular bars across the upper 
surface of the tail ; sometimes a dark blotch and other markings 
below the snout. 

Hab> West Indies to the Rio Plata. 

1. ( <? , 360 mm.). Bahia. W ucherer. 

2. ( V , 600 mm.). Rio de Janeiro. Ternetz. 

In addition to the above specimens, on which my description 
is based, a stuffed example ( 2 > 485 mm.) probably belongs to 
this species. 

26. Riiinobatus horkislii. 

JRhinobatus ( Rhinobatus ) horkelii Muller k Henle, Plagiost. 
p. 122, pi. 41(1841); Bumeril, Elasmobr. p.499 (1865). 

lihinobatus horkelii Garni an, Proc. U.S. Nat. Mus. iii. 1881, 
p. 518; Mem. Mus. Comp. Zool. xxxvi. 1913, p. 280; Ribeiro, 
Fauna Brasiliense, Peixes, ii. pt. i. fasc. 1 Desmobr. p. 31 
(1923). 

Perhaps not distinct from the preceding species. Prseorbital 
length of snout about 3 times the distance between the spiracles* 
praeoral length a little more than 3 times width of mouth. 

Text-figure 28* 



Mhimbatus horkelii. (X J.) 

Rostral ridges somewhat broader than in R, perceUem . Diameter 
of e} r e 8 in pr©erbital length of snout, that of eye + spiracle 
4 ©f distance between spiracles. Space between orbital ridges 
flrffc, its width 4| in prseorbital length of snout* Nostrils longer 
than in R . percmem , 1 J in width of mouth, nearly times that 
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of internarial space. Spines in the median line of the back more 
prominent. Coloration uniform. 

Hab. Coast of Brazil. 

1. ( £ , 900 nun.). Ilio tie Janeiro. Goldi. 

A young example ( 5 , 225 mm.) from Rio Grande do Sul 
probably belongs to this species. 


27. Ruinobatus plajjiceps. 

Rhinobatus plant ceps Carman, Bull. Mus. Comp. Zool. vi. 1880, 
p. 168; Proc. U.S. Nut. Mus. iii. 1881, p. 520; Bull. Mus. Comp* 
Zool. xvii. 1888, p. 89, pi. xxiv.; Jordan & Evemmnn, Bull. U.S. 
Nat. Mus. xlvii. 1896, p. 64; Garinan, Mem. Mus. Comp. Zool. 
xxxvi. 1913, p. 283. 

Snout moderate, bluntly pointed, the margins straight ; its 
preeorhilal length a little more than twice the distance between 
the spiracles, and its pneor&l length about times width of 
mouth. Rostral ridges rather narrow, parallel and close together 
anteriorly, diverging posteriorly. Diameter of eye nearly 4 times 
in pneorbital length of snout, that of eye -f spiracle a little 
less than distance between spiracles. Spiracle with a single 
rudimentary fold. Nostrils of moderate length, oblique, 1§ in 
width of mouth, 1$ times that of internarial space; anterior 
valve scarcely extending inwards. Base of first dorsal nearly 
twice its length from second dorsal, and from base of pel vies. A 
series of small tubercles in the median line of the hack, in two 
groups on each shoulder, and several round the orbits and 
spiiades; very young examples with a series of spines above 
each rostral ridge; in old examples all the tubercles are relatively 
smaller. Brownish, with or without small white spots on the 
back, symmetrically arranged ; sometimes a black blotch below 
the end of the snout. 

Hab, Peru to the Galapagos Islands. 

The above description is based partly on Carman's descriptions 
of the species, and partly on measurements made from bis figures. 

4. Aptychotrema, gen. nov. 

Close to JihinobatuSy differing in the almost transverse nostrils, 
with the inward extension of the anterior nasal valve crossing the 
inner angle of the nostril, and in the absence of spiraculur folds. 

Two species from Australia. 

Synopsis of the Species. 

I. Pvseorbital length of snout nearly 3 times distance between 
spiracles, prooral length 2f, times width of mouth ; 
mouth strongly curved; teeth iu the middle ot the lower 
jaw enlarged; horizontal distance from outer edge of 
nostril* to lateral margin of snout about 6 in preeoral length 
of snout 1. bougainvilliu 
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II. Prworbital length of snout 3$ times distance between 
spiracles, praeoral length times w idth of mouth ; mouth 
slightly curved; teeth nil of the i-ame size ; horizontal 
distance from outer edge of nostril to lateral margin of 
snout about 4| in prueoral length of snout 2. banksii. 

In general form the two species of this genus resemble 
Rhinobatus granulatvs , in which the nostrils are more transverse 
than in any other member of that genus. In Rhinobatus 
granulatus , however, the inward extension of the anteiior nasal 
valve terminates near the middle of the anteiior margin of the 
nostril, and the outer spiracular fold, although feebly developed* 
is quite distinct. 

1. APTYCHOTREMA BOUGAINVILLII. 

Rhinobatus {Syvrhina) bovgaivrillii (Va).), Miiller <fe Henle r 
Plngiost. p. 117 (1841); Dumeril, Elnsmobr. p. 491, pi. 10. fig. 1 
(1865). 

Rhinobatus bougainvittii Gunther, Cat. Fish. viii. p. 445 (1 870) ; 
Ogilby, Proc. Linn. Sue. N. S. "Wales, x. 1886, p. 464 ; Carman, 
Mem. Mus. Comp. Zoo), xxxvi. 1913, p. 277. 

Hah, Coast of New South Wales *. 


Text-figure 29. 



Aptyehatrsma bnvgainviilii. (X 


In the British Museum a single ejiecimsn (<J), 825 mm. in 
total length, from Port Jackson. 


2. Apty chotrema banksii. 

Rhinobatus (Rhinobatus) banksii Muller 
p. 123 (1841). 


& Henle, Plagiost. 


* The type-locality of this species is uukticwu. 



RAYS OF THE FAMILY RHINOBATIDAS. 


97£ 


Jthinobatus (Syrrhina) banhsii Muller <fc Henle, t.c. p. 192 
(1841); Dmn6ril, Elasmobr. p. 490 (1865). 

Rhinobalus banksii Giinther, Cat. Fish. viii. p. 446 (1870); 
Macleay, Proc. Linn. Soc. N.S. Wales, vi. 1882, p. 372 ; Waite, 
Mem. Austral. Mus. iv. 1899, p. 38, pi. iii.; Ogilby, Mem. 
Queensland Mus. v. 1916, p. 85, fig. 1 ; McCulloch & Whitley, 
ibid. viii. 1925, p. 129. 

Rhinobatus Vincentian us Haacke, Zool. Anz. viii. 1885, p. 508. 
Rhinobalus philippi Carman, Mem. Mus. Comp. Zool. xxxvi. 
1913, p. 278; Waite, Iteo. S. Austral. Mus. ii. 1921, p. 27 
fig. 38. 


Text-6 "ure 30. 



Hah. Southern Australia northwards to Southern Queensland. 

In the British Museum a single specimen ( J ), 455 mm. in 
total length, from Botany Bay, New South Wales ( 4 Endeavour 5 * * * 9 
collection). 

The two species of Aptychotreina appear to have been sometimes 
confused by Australian ichthyologists. Some of the records of 
banhsii probably refer to hougainvillii . 

5. Zapteryx. 

Syrrhina (part.) Miiller k Henle, Plagiost. p. 113 (1841). 

Rhinobatus (part.) Gunther, Cat. Fish. viii. p. 441 (1870). 

Zapteryx Jordan k Gilbert, Proc. U.S. Nat. Mus. iii. 1881, 
p. 53. 

Syrrhina Carman, Proc. U.S. Nat. Mus. iii. 1881, p. 520; 
Mem. Mus. Comp. Zool. xxxvi, 1913, p. 284. 

Two or three species from the coasts of tropical America. 
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Synopsis of the Species . 

I. Kostral ridges converging anteriorly; one spiracular fold; 
origin of first dorsal a distance behind base of pelvic* to 
twice that between the two dorsals ; back uniformly 
coloured or clouded with brown 1 . breviroatria. 

II. Kostral ridges nearly parallel, scarcely converging anteriorly; 
spiracular fold rudimentary or absent ; origin of first dorsal 
a distance behind base of pel vies 11, to 1 \ tunes that between 
the two dorsals; buck with transverse bunds or ocellated 
spots. 

A. Dmc a little longer than broad ; back without yellow spots. 2. exaaperata . 

K. Disc a little broader than long; back with black-edged 

yellow spots . . . 3. xyater. 


]. Zafteryx BREVIROATRIS. 

Rh'mobatus (Syrrhina) brer irostris Muller & Henle, Plagiost. 
p. 114, pi. 36 (1841); DtmiSril, Elnsmobr. p. 489 (I860). 

Rhiuobatus bremrostris (S im liter, Cat. Fish. viii. p. 447 (1870) ; 
Ribeiro, Fauna Brnsiliense, Peues, ii. pt. 1, fuse. 1 Desmobr. 
p. 31, pi. xii. (1923). 

Syrrhina brevirostris Oarutai), Bull. Mus. Comp. Zool. xvii. 
1888, p. 89, pi. xxv.; Mem. Mus. Comp. Zool. xxxvi. 1913, 
p. 280, pi. 60. tig. 3. 

Bab. Coast of Brazil. 

In the British Museum three specimens, 410 to 450 mm. in 
total length, including one of the types of the species. 


2. Zapteryx EXASPERATA. 

Triyonorhina exasperata Carman, Bull. Mus. Comp. Zool. vi. 

1880, p. 170. 

Trigonorhina alveata Carman, t. c. p. 169. 

Platyrhina exasperata Jordan & Gilbert, Proc. U.S. Nat. Mus. 
iii. (1880) 1881, p. 32. 

Z apteryx exasperata Jordan & Gilbert, t. c. p. 53 ; Jordan & 
Evevmann, Bull. U.S. Nat. Mus. xlvii. 1896, p. 64. 

Syrrhina exasperata Caiman, Proc. U.S. Nat. Mus. iii. (1880) 

1881, p, 521 ; Mem. Mus. Comp. Zool. xxxvi. 1913, p. 286. 
Rhinohatm exasperalus Jordan <fc Gilbert, Bull. U.S. Nat. Mus. 

xvi. 1882, p. 63. 

}Jab t San Diego, California. 

In- the British Museum two specimens, 175 and 185 mm. in 
total length. 

3. Zapteryx xyster. 

Syrrhina exasperata Jordan & Gilbert, Proc. U.S. Nat. Mus. v. 
1883, p. 621. \ 

Zapteryx xyster Jordan & Evermann, Bull. U.S. Nat. Mus. 
xlvii. 1896, p. 65. 

Syrrhina xyster Garman, Mem. Mus. Comp. Zool. xxxvi. 1913, 

p. 286. 
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Hub. Panama. 

This species, known only from the types ( ? , 22 inches), may 
not be distinct from Z % exasperatus. 


6. TrYGONORIIINA. 

Trygonorrhina Muller & HenJe, Mag. Nat. Hist. n. s. ii. 1838, 
p. 90. 

Tryyonorhina Muller & llenle, Plagiost. p. 124 (1841); 
Gunther, (Jat. Fish. viii. p. 447 (1870); Garman, Mem. Mus. 
Comp. Zool. xxx vi. 1913, p. 287. 

A single species from Australia. 

1. Trygonouhina fasciata. 

Tryyonorhina fasciata Muller & Henle, Plagiost. p. 124, pi. 43 
(1841); Ihnneril, Elasmobr. p. 502 (1865); Gunther, Cat. Fish, 
viii. p. 448 (1870) ; McCulloch, Proc. Lum. Soc. N. S. Wales, 
xlvi. 1921, p. 460, pi. xxxviii. figs. 1-2. 

Trygonorrhina fasciata Garman, Mem. Mus. Comp. Zool. xxxvi. 
1913, p. 287. 

7/ ab . A u st rali a ; Tasman i a . 

In the British Museum thirteen specimens, 300 to 860 mm. 
in total length. 


7. Platyruixoidis. 

Platyrhinoidis Garman, Proc. U.S. Nat. Mus. iii. (1880) 1881, 
p. 522 ; Mem. Mus. Comp. Zool. xxxvi. 1913, p. 290. 

A single species from California. 

1. Platyrhinoidis triseriata. 

Platyrhina triseriata Jordan & Gilbert, Proc. U.S. Nat. Mus. 
iii. 1881, p. 36. 

Platyrhinoidis triseriata Garman, Proc. U.S. Nat. Mus. iii. 
1881, p. 522; Jordan <fc Evermann, Bull. U.S.sNat. Mus. xlvii. 
1896, p. 65; Garman, Mem. Mus. Comp. Zool. xxxvi. 1913, 
p 290. 

Rhinobatus triseriatus Jordan <fc Gilbert, Bull. U.S. Nat. Mus. 
xvi. 1882, p. 64. 

Hah. Coast of California. 

Jn the British Museum a single specimen ( $ ), 540 mm. in 
total length. 


8. Zanobatus. 

Zanobatus Garman, Mem. Mus. Comp. Zoo), xxxvi. 1913, 
p. 291, 
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1 , ZANOBATUS SCHIENLE1NIJ, 

Platyrhina schcenleinii Muller & Henle, Plagiost. p. 125, pi. 45 
(1841); Dum&il, Elasrnobr. p. 577 (1865); Gunther, Oat. Fish, 
viii. p. 471 (1870): Steindachner, Denkschr. Akad. Wien, xliv. 
1882, p. 50, pi, vii. 

Discohatus schcenleinii Garman, Proc. U.S. Nat. Mus. iii. 1881 r 
p. 523. 

Zanobatus schceuleinii Garman, Mem. Mus. Comp. Zool. xxxvi. 
1913, p. 291. 

I lab. West Africa; India. 

In the British Museum a single specimen ( $ ), 170 mm. in 
total length, from Lagos. 

As far as 1 am able to judge from n partial dissection of this 
very young example, the rostral cartilage does not reach the 
extremity of the snout in this species ; this point, however, 
requires confirmation. 


9. Platyuhina. 

Platyrhina* Muller & Henle, Mag. Nat. Hist. n.s. ii. 1838 r 
p. 90 ; Plagiost. p. 1 25 (1841 ). 

Analithis Gist), Nat. Thierr. p. x (1848). 

Platyrhina (part.) Gunther, Cat. Fish, viii. p. 470 (1870). 

Discohatus Garman, Proc. U.S. Nat. Mus. iii. 1881, p.523; 
Mem. Mus. Comp. Zool. xxxvi. 1913, p. 288. 

A single species from China and Japan. 

1. Platyrhina sinensis. 

La rate chinoise Lacep&de, Hist. Nat. Poissons, i. p. 157, pi. ii. 
fig. 2 (1798). 

Rhina sinensis Bloch, Schneider, Syst. Ichth. p. 352 (1801). 

Platyrhina sinensis Miilier <fc Henle, Plagiost. p. 325, pi. 44 
(1841); Dum&'il, Elasrnobr. p. 576 (1865); Gunther, Cat. Fish, 
viii. p. 471 (1870). 

Discohatus sinensis Garman, Proc. U.S, Nat. Mus. iii. 1881, 
p. 523; Jordan & Fowler, ibid . xxvi. 1903, p. 647; Garman, 
Mem. Mus. Comp. Zool. xxxvi. 1913, p, 289, 

Hab, Coasts of China and Japan. 

In the British Museum four specimens, 160 to 450 mm. in total 
length. 


# Not Platyrhinus Schellenberg — ft genu* of Coleopfcera. 
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49, The Junction of the “Funnel” Mouth of the Tadpoles 
ot Meyulophrys . with a Note on Al. aceras Boulenger. 
By Malcolm A. Smith, M.R.C.S., L.R.C.P., F.Z.S. 

[Received May 27, 1926 : Read November 2, 1926. 1 

(Text-figures 1,2.) 

It has long been known that the tadpoles of the genus 
Meyalophrys can be separated into two sharply defined groups : 
namely, those with horny mandibles and teeth of the ranid 
type, and those which are toothless but in which the lips have 
been enlarged and modified to form a funnel. Of the tadpoles 
of the latter type we are now acquainted with some six or 
seven species, whilst of the former only two, and it is 
interesting to find, in so far as our knowledge at present 
extends, that the two types of tadpoles develop into the two 
sharply defined groups which characterize the adults: namely, 
those in which the snout projects strongly beyond the mouth, 
and those in which it does not. The tadpoles with the “ funnel” 
mouth belong to the fir>fc named group 

The precise function or functions of the “ funnel ” mouth of 
these tadpoles is still contested by \arious observers, and 1 do 
not propose here to enter into all the views that have been 
advanced. 1 should like, however, to discuss some of those 
that have been more recently put forward*. In 1917, after 
a week’s observation of these larva? in their native habitat, 
followed by four mouths almost daily observation of them in 
captivity, I proposed the view that the chief, if not the sole, 
purpose of this apparatus was to enable the creature to obtain 
its food. This was drawn from the surface of the water, the 
function of the “ funnel ” being to furnish as large an area 
as possible for collecting minute particles floating upon the 
surface of the water which were drawn towards it by suction. 
My observations at that time were made upon the larvae of 
Megalophrys major ; since then I have had further experiences 
with those of if. acei'as in southern Siam and J/. mo at ana 
in Java. 

A tadpole belonging to an entirely different family of Amphib- 
ians, namely the brevicipitid Miwohyla achatina +, has developed 

* “ The Funnel Apparatus of the Larvae of Megalopkrye montana /’ by Dr. 
H. Roach m a, Bijdr. Dierkumle Amsterdam (Max Weber Feest-nummer), xxii. 
pp. 9-12 (1922). 44 Some Observations on the Oral Apparatus of the Tadpoles of 
Megalophryt parrn," by Sunder Lai Hora, M.Sc., Jo urn. & Proc. Asiat. Soc. 
Bengal, xvui. pp. 9-16 (1922). 44 Observations on the Fauna of Certain Torrential 
Streams in the Khaei Hills/’ by Sunder Lai Hora, D.Sc., Kec. Ind. Mus. xxv. 
pp. 679-600 (1923). 

f Described in Journ, Nat. Hist. Soc. Siam, 1916, ii. p. 37, fig. 
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a mouth not unlike that of the M eyalophrys larva?, but whereas 
in JA achatina only the lower lip has become enlarged, in 
Meyalophrys both lips have become hypertrophied, so that a 
cup-shaped orifice results with the true mouth at the bottom 
of it. The majority of the brevieipitid lame that 1 am 
acquainted with ( Aficrohyla spp., Glt/phoglossus , Calluella ), derive 
their nourishment from minute atoms in the water. They are 
never seen definitely to eat. anything, but pass their days 


Text- figure 1. 



Meyalophrys man tana. 

a. “ Funnel ” expanded as when feediug at surface of water. 
. h* “ Funnel ” folded when at rest. 


endlessly floating about, often in vast congregations, a short 
distance below the surface of the water, continually imbibing 
it and drawing their nourishment from it. M . achatina is an 
exception to thia, % That it derives some of its nourishment 
from the body of the water, as do the other members of its 
genus, is most likely, but that its main supply is drawn from 
the surface of the water, and that the lower lip has become 
specially enlarged and adapted to enable it to do this, Can 
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hardly be doubted by anyone who lias kept and watched these 
creatures.. They can be seen continually rising to the surface 
and sucking in the tiny particles of matter which may be 
floating there ; if they are lying below it and fragments of 
vegetable dust are dropped on the water above them, they at 
once rise up and devour them, elevating the lower lip as they 
reach the surface and by vigorous suction drawing them into 
the mouth from all sides. 

Other tadpoles, both of the ran id and brevieipitid type, can 
be seen at times “ nibbling ” the surface of the water, presumably 
for nourishment, but they have no special adaptation of the 
mouth for feeding in this manner. 

It was the discovery of the mode of feeding by the tadpole 
of M. aehatina , that first led me to infer a similar use for 
the “funnel” mouth of the larva of Afegalophrys. Upon this 
point Hora states “ it does not appear to me likely that the 
animal in its natural habitat comes to the surface and expands 
its funnel for feeding purposes, for I believe that in nature, 
as under artificial conditions, the tadpole spends most of its 
time under water with the funnel folded." My own experience 
is so entirely the reverse of this that I am led to doubt if 
Professor II ora has really discovered the conditions under 
which these larvae prefer to feed. Although they may be 
found in the deeper pools of the streams they inhabit, it is 
in the shallowest puddles, among thick vegetation, that they 
are to be seen generally feeding. Mv captive specimens were 
in a large bath, and to imitate their natural surroundings as 
closely as possible, I provided them with several bricks upon 
which the water lay scarcely a centimetre deep. Here amongst 
water-weed they spent most of their time, with the body 
resting upon a brick and parallel with the surface of the water, 
and in this situation they were to he seen constantly feeding. 
This horizontal position is impossible in deeper water, where, 
when hanging from the surface, the body drops almost vertically 
or at an angle of about 45 degrees. 

The corrugations upon the lip of Aiicrohyla aehatina are so 
similar, both in arrangement and structure, to the so-called 
“ teeth ” on the funnel of Megalophrys , that it is difficult to 
resist the conclusion that they have been evolved for the same 
purpose. In Microhyla they are simply ridges which are soft 
to the touch, whilst in Megalophnjs they have become more 
specialized and are split up into a number of horny projections 
which are quite rough to the touch. In both, however, they are 
arranged in the same way, which is in a series of lines 
converging from the periphery of the lip towards the orifice 
of the true mouth. When first studying these corrugations 
to find a reason for their presence I believed they were made 
to serve as filters, for in watching the larvae feed it wag noticed 
that all large particles of matter were obstructed by them and 
thus prevented from entering the mouth, until ultimately. 
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when several pieces had accumulated, they were spat forcibly 
away and so rejected. That these corrugations are useful in 
this way is obvious, but I am inclined now to think that their 
true function is to make the lips a more effective instrument 
in feeding. When the creature rises to the top of the water 
and unfolds its “ funnel,” some part or parts of this apparatus 
must break the surface film and form contact with the air. 
If the lips were smooth the tendency would be for the edge of 


Text-figure 2. 




Microhyla aehatina. 

a. Lip elevated for feuding;, b. Lip lowered when not feeding. 
c. Attitude when feeding at surface of the water. 


the funnel to perform this service, and all particles floating 
upon the water would then be stopped at the periphery of the organ 
and prevented from entering the mouth. With the corrugations 
present to breaks the surface, the edge of the lip can be kept 
just below it and the water is then sucked in through the 
channels thus formed. In M \ aehatina it can be seen that 
the edge of the lip is bent slightly downwards so as not to 
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interfere with the flow of water which is drawn from the 
sides and in front. The water directly above the head of 
the creature is prevented from entering by the curved upper 
lip, which breaking the surface of the water at that point 
forms an effective barrier to its entrance there. 

Most authors are of the opinion that the funnel performs 
two or even three entirely different functions. It seems highly 
improbable, however, that so highly specialized a structure 
can have been evolved for more than one particular purpose; 
and any others it may at times perform are merely incidental 
ones. It is now generally agreed by recent observers that 
the “ teeth ” are neither used for grinding particles of food 
nor for rasping nourishment from the surfaces of leaves, 
although they may feed by suction from the under surface 
of leaves as I have seen the larva; of M. achatina do. The 
creature, therefore, must take its food either from the t>ody 
of the water as the brevicipitid larva* do, or from the surface of 
the water by suction, for they have never been seen to feed 
in any other manner. Dr. Bosch ma’s analysis of the intestinal 
contents shows that their food might have come from either of 
these two positions. 

That the funnel can be used as a float is obvious, but I 
regard its power of floating as incidental to its banging at 
the surface of the water to enable it to obtain its food. Dr. 
Annandnle believed that unless the funnel was expanded the 
creature could not float, and that the very action of folding 
the funnel caused the creature to sink. Hora on the contrary 
states that lie found the larvae capable of floating irrespective 
of the fact that the funnel was expanded or folded. All of 
the brevicipitid larva* that I am acquainted with, however, — 
Kaloula pidchra excepted — have the power of remaining suspended 
at any depth they like in the water. There is certainly a 
very close connection between the unfolding of the funnel and 
hanging by it from the surface of the water, while the fact 
that the creature has never been seen below the surface of 
the water with its lips unfolded suggests that the function 
of the funnel is connected with the surface of the water and 
with that only. 

Megalophrys acera$ mentioned earlier in this article was 
originally described by Boulenger as a varietal form of 
Af. montana . I now believe it to be a distinct species. It 
differs in the narrower head (once and one-third times as broad 
as long), the larger and more distinct tympanum, the feebler 
web to the toes (never more than a rudiment), the dermal 
ridge beneath the fingers and toes, and in the disposition of 
the glandular folds upon the back. These last are very distinctive 
and separate it at once from M . montana and M, nasuta, two 
elosely allied forms in which the folds run more or less straight 
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down the back. M. aceras with its Y-shaped folds has evidently 
affinities with M. major and if. longipes , from both of which, 
however, it is distinct. Boulenger’s figure of M. aceras in Fascic. 
Malay. Zool. 1903, i. p. 131, pi. v. is an excellent one. 

I found this Toad common in the Nakon Sritamarat Mountains, 
S. Siam, at between 500 to 1000 metres altitude. Its habits 
were strictly nocturnal, and it could only be caught by hunting 
along the streams after nightfall with a lantern. During the 
day it could be sometimes heard, croaking dismally, but so deeply 
concealed in holes and clefts formed by the rocks that it was 
impossible to reach it. The separation of M . aceras from M. 
montana restricts the distribution of montana to the Malay 
Archipelago. I have examined all the specimens recorded as 
montana from the Malay Peninsula (Perak and Patani) and 
refer them to M. aceras. 

Measurements of some specimens of M, aceras in mm. : — 


Snout to vent 83 75 67 56 57 49 

Length of head 25 23 21 19 21 18 

Breadth of head 34 33 26 23 25 22 

Leg 119 98 84 78 85 78 

Tibia 35 32 28 26 28 26 

Hand 20 ]8 16 14 16 14 

Foot 32 28 23 22 22 22 

Author’s no 6129 1613 'fclSl 6130 8132 6128 

? ? i $ 3 c? 
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50. Etude sur les Oavites Nasales des Carnassiers. Par 
Dr. R. L. P. Anthony, O.M.Z.S., Professeur au Museum 
national d’Histoire naturelle, Paris, et Q. M. Iliesco, 
Chet' do travail x a la Faculte de Medecine Vet^rinaire 
de Buearest. 

(Travail <lu laborafcotre d’ Anatomic compnree du Museum national d’Histoire 
naturelle, Paris.) 

f Received May 20, 1020: Read October 19, 1920 
(Text- figures 1-9.) 
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PrGli min aires. 

En ces dernieres amiees de no mb re uses recherches ont ete 
faites au laboratoire d’Anntomie compaiee du Museum national 
d’Histoire naturelle sur les eavites nn sales des Mammif&res. 

M. It. Anthony efc Mile F. Coupin ont etudie cedes de 
rElephant*, puis cedes de POknpif, ce qui les a conduits a 
pr^ciser la morphologie de cedes des lluminants en general. 

A l’aide des materia ux du laboratoire, MM. M. Kollmann et 
L. Papin ont deceit, cedes des LemuriensJ. 

M. H. Anthony doit bientbh donner la description de cedes des 
Ongules ()erissodaetyles et Mile F. Coupin la description de cedes 
de I’Oryclorope §. 

Tout recemment. Tun de nous, G. M. Iliesco ||, vient de publier 

* It. Anthony et F. Coupin. Nouvelles rechevchcN sur les cavit<$s nasales de 
PEUpliant d’Asie. Archives d’Anatoinie, d’ Histologic et d’Embryologie, Tome iv. 
1926, pp. 107-147. 

+ K. Anthony et F. Coupin. Recherches anatomiques sur l’Okapi. Les sinus et 
les cornets nasaux. Revue zoologique afncaine, vol. xiii. Faso. i. 3926. 

J M. Kolhnanu et L. Papin. Etudes sur les L5muricns. Anatomic comparde des 
fosses nasales et de leurs annexes. Arch, de Morphologie g<$u£r. et expt 4 r. 1926, 
Fasc. 22. 

§ Dans les Archives du Museum. 

[j G. M. Iliesco. Recherches anatomiques sur les cavitds nasales chez le Chat. 
Arch. d' Anatomic, d’Histoiogie et d’ Embry ologie. Tome v. 1926, pp. 1-48. 

Proc. Zool. Soc. — 1926, No. LXV. 65 
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l’^tude tr&s detail lee des cavites nasales du Chat ; les r&sultats de 
ses recherches sur celles du Chien paraitront tr£s proohainement •. 

Cest pour completer ces investigations que nous avons 6crit le 
present m 6 moire oil la morphologie des cavites nasales est envisages 
dans Fensemble des Carnassiers, tant pinnipfcdes que fissipddes. 
S’ajoutant k ceux dej& parus, ou sur le point de paraitre, il con- 
tribuera k fournir les elements d’une synthase qui jusqu'ici n'a 
pas pu efcre faite de FAnatomie des cavites nasales dans Fensemble 
des Mammif&res. 

Yoici Fdnum^ration des animaux que nous avons utilises pour 
les presentes recherches : — 

1°. Fissipedes. 

V XVERRIDES. 1, Viverra civetta Schreb. No. 1909-16 f* 

2. Viverra civetta Schreb., £ . No. 1923-489 (avec lea parties 

molles). 

3. Viverra indiea Des in. No. 1926-79, 

4. Faradoxurus sp. P No. 1909-36. 

Felipes. 6. Felis Uo L., du Sdudgal, £ . No. 1926-80 (avec lea parties 

molles). 

6. Felis leo L., ? (jeune). No. 1898-296. (1.) 

7. Felis leo L., ¥ (jeune). No. 1898-296. (2.) 

8. Felis leo L., V . No. 1918-36. 

9. Felis tigris L. No. 1889-408. 

10. Felis pardus L. No. 1923-2444. 

11. Cynailurus jubatus Erxleb., £ . No. 1921-142. 

Htjbkipes. 12. Hyaena stria ta L., £. No. 1899-337. 

13. Hytena crocuta Zimin., £. No. 1926-15 (avec les parties 
molles). 

Uksipkb. 14. Ursus aretos L., £ , No. 1918-40. 

16. Ursus aretos L. de File Sakhalin*. No. 1900-76. 

16. Ursus aretos L., de 20 j., £ . No. 1921-4 (avec les parties 

molles). 

17. Ursus isabellinus Horsf. (var. syriaous Hempr. et Ehrenb.) 

du Caucase. No. 1906-218. 

18. Ursus maritimus Deem, du SpifczWg. No. 1869-71. 

19. Ursus omatus F. Cuv., *j? . No. 1848-369. 

Mrsr&LiDES. 20. Meles taxus Bodd., ? . No. 1906-111, 

21. Melei taxus Bodd. No. 1900-386. 

22. Meles taxus Bodd. No. 1901-626. 

23. Meles taxus Bodd., ? . No. 1907-125. 

24. Meles taxus Bodd., £ . No. 1916-107 (avec les parties 

molles). 

25. Idttra vulgaris Erxl. No. 1893-622. 

26. Lutra vulgaris Erxl., No. 1926-81. 

PBOCTOEiPis. 27. Froeyou lotor L. 1926-82. 

28. Nasua nariea L. (var. fusca Tomes), ? . No. 1923-2400 
(avec lee parties molles). 

8fti, Nasua rufa Deem. No, 1926-107. 

* Dans les Archives d’Anatomie, d’Histologif et d'Embryologie. 
f Ces numdros se rapportent aux reserves dAtudes dn service d'Anatomis 
oompar6e du Museum national d'Histoire natnrelle. 
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2°. Pinnipides. 

Phocides. 30. Plioca barbata Fabriciui. No. 1926-83. 

Otabiides. 31. Otaria Hookcri Gray. No. 1874-617. 

32. Otaria sp.? No. 1916-80 (avec les parties molles). 
Teichechides. 33. Trichechut rotmarus L. (jeune). No. 1926-84. 

A ces specimens doivent s'ajouter les nombreux Chats et Chiens 
domestiques examines par G. M. Iliesco dans ses reclierches 
precedentes, et dont les descriptions ont dte utilisees pour la 
redaction du present meinoire. Celui-ci a surtout etabli 
d’&pr&s les pieces squelettiques, les sujets revetus de leurs parties 
molles ayant ete seulement employes pour le control© et un 
complement d’in formation. 

La bibliographie detaillee de ce travail d’ensemble est la meme 
que celle qui a dte dej& donnee dans les memoires particuliers 
ci-dessus cites de G. M. Iliesco sur les fosses nasales du Chat et 
du Chien. 

1 . La Constitution des Parois et la Forme d’ensemblk 
DES CaVITES NASALK8. 

Les elements suivants prennent part a la constitution des 
parois des cavites nasales chez les Carnassiers: — 

Eii haufc: le nasal et le frontal en avant; l’ethmoide et une 
petite partie du sphenoid© eu arriere. 

En dehors : Tapophyse nasale de l'intermaxillaire et le 
maxillaire supdrieur en avant ; le lacrymal, le palatin (par sa 
portion vertical© ) et le pterygoide en arridre. 

En dedans : la lame perpendiculaire de Tethmoide, le cartilage 
de la cloison qui lui fait suite et le vomer. 

En has ; rintermaxillaire, le maxillaire superieur et le palatin 
(par sa portion horizontale). 

Viverridh *. — Chez les Viverrides, les cavites nasales sont 
allongdes, suivant en cela la forme de la tdte. 

Felidto. — Chez les grands Felides les cavites nasales sont, comme 
Test la tete, trds developpees en hauteur. Chez le Chat oil la face 
est tres courte la cavite nasale est trds courte aussi. 

Chez la Panthdre, le Gudpard et le Tigre, son diamdtre vertical 
est a peu prds dgal k son diamdtre longitudinal, ce qui donne a la 
face un profil bombd, surtout prononce chez le Guepard et plus 
encore chez le Tigre. 

II convient de noter que, chez les Felides, les cavites nasales 
sont k peu prds compldtement obstrudes dans leurs trois quarts 
postdrieurs par les cornets, qui ne laissent libre k la respiration 
que le mdat infdrieur, d’ailleurs remarquable par sa hauteur. 

HycenidSs +. — Icicles cavites nasales prdsentent des caractdres 

* Les ouvertures des narines sont en forme de virgule k queue trds allongde. 

f 1 Zap pare il cartilagineux du musean est trds dlveloppd. Ses parties donates 
sont trda larges, et le cartilage suppUmentaire qui soutient en dehors l’aile de la 
narine eat trfes grand. Le d^veloppement de l'appareil oartilagineux donne au 
mueeau une forme tubuleuse et bombde, surtout latdralement ; les orifices des 
narines sont larges, en forme de virgule, leurs lfevres dpaisses et arrondiee. 

ee* 



9<J2 


DR. R. h. F. ASTHOSY FT M. 0. M. ILtFSCO : 

tres partial] ievs, tent an point de vue de la forme que de la 
capucite. Elies sont allonge** et peu Imutes ; cependant, ie 
cornet maxillo-turbinal etant relativement reduit, le meat in - 
fcrieur est assez largement ouvert. 

Canides . — Yoir ]e memoir© deja cite de G. M. Iliesco, 
actuellement en cours d’impression. 

Ursides , — Les Ursides presentent des differences notables au 
point de vue de la forme de la tete. Celle-ci est tr6s allonge© chez 
VUrsue arctos L., le rapport de la hauteur k la longueur etant 
de 43 environ; elle Test moins chez YUrsus isabellinus Horsf. 
(syriaeus) (No. 1905-218), oil ce rapport n’est que de 34 npproxi- 
mativement. 

Les cavites nasales, qui, d'une fa^on generate, sont tres 
allongdes, suivent dans l’enseinble la forme de la t&te. 

En raison du tr6s grand developpement du cornet maxillo- 
turbinal, dans le sens de la hauteur, le meat inferieur est 
extremement reduit. 

Mustelides . — Chez les Mustelidds, les cavites nasales sont irks 
semblables comme forme k celles des Ursides. 

Procyonidte *. — IJ existe aussi une certain© ressemblance entre 
les cavites nasales des Procyonides et celles des Ursides; mais 
celle-ci tient surtout k la merne augmentation du nombre des 
cornets ethmo-turbinaux internes, ainsi que nous le verrons 
plus loin. 

Pinnipbdes +. — Chez les Pinnip&des, les cavites nasales ont une 
forme et une disposition tr&s par ticulteres. La place occupy© 
par les etlimo-turbinaux est t.r6s reduite, principalement chez les 
Phoques et le Morse, tandis que le mnxillo-turbinal presente, au 
contraire, un extraordinaire developpement vertical, ce dont il 
resulte, ainsi que nous le verrons plus loin, que les nteats 
inferieur et moyen doivent Mre k peu pr6s impenetrably sur le 
vivant. 

L’arrangement des os constituent les parois des cavites est 
aussi quelque peu different de ce que nous avons observe cbez les 
Fissipedes. 

II est k remarquer, par exemple, que, en particulier cbez les 
Phoques, la partie d6 itethmoide quiint^resse la paroi superieure, 
au lieu d'etre teg&rement incline© de haut en has et d'avant. en 
arrtere sur l’horizontate, comine elle Test chez les Fissip&tes, est 
vertical©, d^passant meme cette position, puisqu’elleest teg&rement 
inclittee de haut en bas et d’arrtere en avant. 

Chez le Morse, le vomer est tr&sfort ©t ne pr&ente, comme chez 

* La charpente cartikgineuse nasal e des Procyo»ici<$s est t th* dteudue, speckle* 
meat chez le JSfasua, ou elle ddpssse uotablement le bord alveola] re autdrieur. Les 
ouvertures des marines sont trfes petite 8 et situ^es k la partie suplrieure d’une sorte 
de pavilion ; leur aae exterue est trfcs mobile. 

f La charpente oartilaginense du nez de VOtarie est tr&s reduite; elle est 
repttkentde settlement par trois petites pieces pins ou moins cylindriquee. La narine 
a k forme d’ une courte feute lmdaire, dotit 1’aile oxterne n’a aucuu support carti- 
kgineux. Les deux orifices sont tr$s prfc* I’m* de J autre, n’dtant sdpards que par 
un trfcs petit sillon median. 
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rOtaiie a ailleurs, qu’une partie vertical© qui se soude de tr&s 
bonne heure k Textremite ant^rieure du prosphdnoide. 

2. Les Cornets. 

On distingue chez les Carnassiers coniine partout : — 

1 . Cue serie d ethmo-turbinaux internes dont le premier est 
designe sous le nom de naso-turbinal. 11s sont d’habitude plus 
iiombrenx que chez les Ongules. Le premier et les tout dermers 
mis a part, lls out aussi pour caructere, examines sur une coupe 
parasagittale de la tete, de se recouviir les uns lesautres beaucoup 
plus largement que chez les Ongules. 

2°. Une, deux ou quelqueiois meme (Ursides) trois series 
d’ethmo-turbinaux externes. 

3°. Un maxillo-turbinal. 

Tons ces cornets presen tent une beaucoup plus grande rames- 
cenee que chez les ( higulds. 

a. Ethmo-turbinaux. 

Virerridfs . — Les ethmo-turbinaux internes sont au nombie de 
f>, dccioissant de longueur du lerau 56me. 

D'upies 8. Paulli*, la 6 enetta ymetta L. a -1 endo-turbiimux, 
mais la lnmelle qui constitue la base du 2eme etant divisce en 
deux, cela fait bien au total 5 ethmo-turbinaux internes coniine 
nous \ enons de 1© dire. 

Le naso-turbinal est en rapport dans toute la longueur de son 
bold inferieur avec le bord superieur du 2&me ethmo-turbinal 
interne ; son squelette est forme d’une lamelle osseuse tr6s fine et 
Ires friable qui se prolonge jusquVi la partie anterieure de l’os 
nasal ; elle a son ongine dans la partie interne et moyenne de la 
lame criblee. De sa legion moyenne part un prolongement qui, 
se fixant sur la face interne du maxilla ire superieur, constitue la 
mein© inf^rieure du cornet, Jaquelle, sur une coupe parasagittale 
de la tete, parait recouverte par le 2cme ethmo-turbinal interne. 

\ax cavite du naso-tuvbinal est en communication avec le sinus 
inaxillaire. 

Ce cornet se prolonge en avnnt, et il en est ainsi chez tous les 
Carnivores, par une racine cartilagineuse se terminant en une 
partie elargie d’un ovale plus ou moins allonge et qui se reunit 
au cartilage dorsal du museau a plus ou moins de distance de 
Touverture de la narine, mais gthieralement tr&s pr£s de cet 
orifice. 

Le 26me ethmo-turbinal interne present©, an milieu de sa face 
interne, une large depression oil se log© Textremite du 3&me. 
Sur une coupe parasagittal© de la tete il parait recouvrir en avant 
la moitie sup^rieure du maxillo-turbinal. 

Le 3&me ethmo-turbinal interne se motile dans la depression 
de la face interne du 26me ; la lamelle osseuse qui le constitue se 

# S. PmtlU. Ueber die Pneiuiiaticitat des Schadels bei den Suugethieren. 
Morphol. Jftbib. Zeitscbrift. f. An at. und Entwickl. 1900. 
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fixe en baa sur la racine inf^rieure de ce dernier cornet, qui n’est 
elle-meme qu’une continuation de la lame papyrac^e. Sa racine 
ethmoi'dale, qui part & peu pr&s exactement au milieu de la lame 
cribl4e, est commune avec celle du 2&me ethmo-turbinal interne. 
II convient de noter que le 2eme et le 3&me ethmo-turbinaux 
internes sont des cornets doubles, ayant chacun deux lamelles 
squelettiques. 

Le 4&me ethmo-turbinal interne, loge dans une depression de la 
face interne du 36me, part de la limite superieure du quart 
inferieur de la lame cribUe un peu en dehors de la ligne medians . 
Sa racine osseuse inf4rieure se comport e coniine celle du 3&me. 
L'insertion commune des racines inf£rieures des ethmo-turbinaux 
internes 2, 3, 4 sur la lame papvracee limite en haul l'orifice par 
lequel le sinus maxillaire s’ouvre dans le mdat moyen. 


Tex te- figure 1. 



Coupe parasagittule de la tdte osseuse du Taradoxurus (No. 1000-35) ; 
disposition des fosses nasales, cbtii droit. 


Le 5&me ethmo-turbinal interne est le plus petit tie tout© la 
s^rie. II a son origin© dans la partie la plus inferieure de la lame 
criblee. Par son extremity posterieure il occupe Fentree du sinus 
sphenoidal. - 

II est de rfcgle que les ethmo-turbinaux extern es de la Ure 
serie soient au nombre de 9. En dehors, leurs lamelles 
squelettiques qui d'habitude ne sont que l$g&*ement enroulees se 
fixent sur la face interne de la portion orbitaire du frontal ; seule, 
la lamelle du dernier est fixee sur la face interne de la portion 
vertioale du palatin. 

Les ethmo-turbinaux extemes de la 2&me s4rie oocupent des 
positions tr£s di verses, suivant les types. Ainsi, chez le Para- 
doxurus et chez ia Viverra indica Deem., ofi Hs sont au nombre 
de 3 ou de 4, its remplissent enticement la cavity du sinus frontal. 
Chez ia Civette, au contraire, oil ils ne sont d’habitude qu*au 
nombre de 2, Us sont settlement 6x6s par leur extr£mit4 postdrieure 
au pourfcour de Touverture du sinus frontal, leurs lamelles 
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osseuses circonscrivant deux orifices incomplets et s^pares, par 
lesquels ce sinus est en communication avec la cavity nasale. 

S. Paulli n’a trouve chez la Genetta, genetta L. que 5 ecto- 
turbinaux. Probablement a-t-il considere comme un seul cornet 
l’ensemhle de tous les cornets qui out une racine commune. 

FGlidis . — Le Chat a dej& ete 6tudi£ par Tun de nous*. D’une 
fagon general©, au point de vue de la disposition des cornets, il se 
rapproche des Viverrid&s. Ses ethmoturbinaux internes sont au 
nombre de 5. 

Les ethmo-turbinaux externes de la premiere sdrie sont au 
nombre de 7 et ceux de la 26me au nombre de 5, occupant une 
position intrasinusienne. 

Chez les grands Felid&s, les cornets sont dans l’ensemble plus 
pneumatises que cbez le Chat. 



Coupe paiasajrittale d<> la oRseuse du FelU Uo L. (No. 1918-36) ; 
disposition des fosses nasales, cot6 droit. 


Cbez le Lion, les ethmo-turbinaux internes sont aussi au 
nombre de 5. 

Le premier ou naso-turbinal prend son origine k la partie 
sup^rieure de la lame cribl^e, en commun avec le ler efchmo- 
turbinal extern© de la deuxi&me s^rie. Inf6rieurement, il se fixe 
k la face interne du maxillairesup^rieur et de la portion orbitaire 
du frontal. Sa cavite, creusee dans sa partie posterieure, est 
divi$£e par des cloisons irregulterement disposes. Le com- 
partiment ant6rieur de cette cavity est en communication avec la 
cavity nasale par une fente lin&ure otl s'engage le bord sup^rieur 
du 26me ethmo-turbinal interne. Les coinpartiments moyen et 
post^rieur d^bouchent inf^rieurement par deux fentes relativeraent 
4troites. 

Le 2&me ethmo-turbinal interne recouvre k peu pr& toute la 
xnoiti6 sup^rieure du maxillo-turbinal. Sa racine d'origine est 
commune avec cell© du 36me ethmo-turbinal interne ; sa racine 
inferieure se fixe k la face interne de la portion orbitaire du 


* G. M. Iliesco. Loe. cit> 
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frontal, immediatement au dessus de la ligne de suture de cet os 
avec la portion vertical© du palatin. 

Le 3&me ethmo-turbinal interne, log£ dans une depression de la 
face interne du deuxieme, a sa racine ethinoidale commune, comme 
nous l’avons dit, avec celle du 2eme ; sa racine inferieure se fixe 
egalement k la face interne de la portion orbitaire du frontal. 

Le 4&me ethmo-turbinal interne, logd dans une depression de la 
face interne du 3£me, a sa racine ethmoidal e fix6e & peu pr&s dans 

'IVxte-figure 3. 





Coupe transversale de la d*'im-tdte osteal droite dn J Felis leo L. (No. 1918-35), 
pratiquee suivant la %ne XY (voir texte*%. 2). Proc5d^ de It. Anthony, 
Bulletin du Mus, delist, liaturelle, 1916-1916. 

la parti e central© du contour interne de la lame criblde ; elle est, 
en outre, commune avec celle dea 9cm e et 10£me ethm o-turbi naux 
extemes de la premiere serie. Sa racine inferieure s’unit k celles 
des 2£me et 3^me ethm o-turbi naux internes. 

Le Sfcme ethmo-turbinal interne est relativement developpe, et 
son expansion pent dtre attribute an grand ddveloppement du sinus 
sphenoidal, oil il *\ngage par son extremite post^rieure. Sa racine 
etbmoidole se fixe fiur la partie inferieure du contour de la lame 
criblee et est commune avec les racines des 11 hme et 12&me 
ethmo-turbinaux externes de la premiere serie. 

Un fait qui caractAise tons les ethmo-turbinaux internes du 
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Lion est leur grande pueumaticite, les vastes cawtes qui les 
creusent etant divisees par des cloisons en de tres nombreuses 
logefctes. Les ethmo-turbinaux externes de la lere serie sont au 
nombre de 12 et, comma nous J’avons note plus liaut, plusieurs 
d entre eux ont une origine commune aver, les ethmo-turbinaux 
internes. 

Les ethmo-turbinaux externes de la 2&me serie sonl au nombre 
de 4, et, en general, plus develop pcs (pie ceux de la lere. Le 
premier a sa racine ethmoidal© commune avec celle du naso- 
turbinal, le 3&me avec celle du ler externe de la lore serie. 

Chez la Panther©, le Guepard et le Tigre, les ethmo-turbinaux 
sont tr6s semblables a ceux du Lion. Notons cependant que le 
naso-turbinal j)arait presenter chez le Tigre un developpement 
particular, et que, chez le Guepard. ainsi que chez le Tigre, les 
ethmo-turbinaux externes des deux scries semi dent plus 
deveioppes que chez le Lion. 

Hyce.nkUs. - Contra irement a ce que dit Paulli, les ethmo- 
turbinaux sont, chez les Hy amides, relativement deveioppes. 

Paulli a trouve chez V Hyatta striata L, 4 endo-tmbinaux, mais, 
la lamelle de base du 3eme etant double, on pourrait dire qu’il 
existe f) ethmo-turbinaux internes dans cette espece, les quatro 
derniers off 'rant une grande ressemblance avec ceux de !a Ci\ette. 

Sur l’exemplaire represente (texte-fig. 4) il en existe b. 

Le squelette du naso-turbinal a dec to une forme & peu pres 
recta ngulaire. Par son horcl inf ©ri cur, ce cornet est , chez 
VHytma striata L. (No. 1899 -337)*, en rapport, en avail t et en 
a mere sen lenient, avec le bord superieur du 2fnne eihuio-turbinal 
interne ; dans sa region moyenne, il est au contact du bord 
superieur du 3eme; le 2etne etbrno-turbinal interne est done a ce 
niveau eompl&tement cache par une sorte d’expansion du 3emo. 
lie naso-turbinal prend naissance sur la parti e superieure de la 
face anterieuro de la lame cribloe. 

La racine posterieure du 2eme eth mo -turbinal interne, commune 
avec celle du 3cm e, est fixee juste au milieu de la lame criblee 
dans sa partie la plus proominente. 8a racine inferieure, 
commune au 3eme et au 4eme, est placee un peu au dessus de 
la ligne suivant laquelle se soude le maxillaire superieur avec 
la portion verticale du palatin, en arriv e du lacrymal. L’insertiou 
de cette racine se fait sur un relief determinant une sorte de 
crete qui circonscrit partiellement loridce du sinus maxillaire. 

Ce cornet est constitue d’une lamelle se divisant en deux 
branches qui s’enroulent en sens contra ire. La branch© 
superieure, qui est la plus developpee, decrit une grande spire. 
La branch© inferieure forme une .spire incomplete beaucoup plus 
petite. 

Les cavites de Pethmo-turbinal interne No. 2 sont en commu- 
nication avec la cavite nasale par les ©spaces qui restent ouverts 
entre les spires. 


* I)e grandes differences peu vent exister A cet dgard eutre les individus. 
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Le 3cm© ethmo-turbinal interne est log4 dans une depression 
de la faee interne du 2&tne. JDe meme, le 4&me est log© dans une 
depression de la face interne du 3£me. 

Le 5£me ethmo-turbinal interne est egalement loge dans une 
depression de la face interne du 4&rae ; sa lame d'origine qui 
decrit une grande spire d’un tour et demi part k pen pr&s du 
milieu de la lame criblde, ay ant une origine commune avec cello 
du 2^me ethmo-turbinal extern© de la Sterne s4rie; les lames de 
ces deux cornets se reunissent periphdriquement pour s’attacher k 
la face interne de la portion orbitaire du frontal. Infdrieurement, 
ce cornet se fixe avec les precedents k la face interne de la lame 
papyracee. 

Le 6&rne ethmo-turbinal interne est le plus court de tous, mais 
il est n£anmoins bien developpe, possedant liteme une vast© cavity. 
II prend naissance dans la partie la plus inftrieure de la lame 


Texte- figure 4. 



Coupe parasagittal® de la t$te osseuse de VHyana striata L. (No. 1889-337 
disposition des fosses nas&les, c6tf gauche. 


cribtee. Sa lamelle constitutive est tites fine et ell© se dedouble 
immediatement apites son depart de la lame cribtee, les deux 
feuillets qui r4sultent,de ce d^doublement etant enroutees en 
sens inverse. Ce cornet obstrue a peu pr&s comptetement la 
cavity du sinus sphenoidal. Sa cavite propre communique avec 
la cavite nasal e par lespace qui reste ouvert entre ses spires, 

Le® ethmo-turbinaux extern es sont peu nombreux, mais assess 
bien d^veloppes. 

Paulli en a trouvd 5 chez VHyana striata L., tandis que nous 
en avons comptte 7. Ceux de la Ure sdrie sont au nombre de 4. 

Le ler est independant, et compris entre le ler et le Sterne 
ethmo-turbinaux internes ; il a son origine dan® la moitie 
superieure de la lame cribUe. 

Le 2ime est plus petit et son origine est commune avec celle 
de rethmo-turbinal interne No. 4. 

Le 36me et le 4&me ont deux racines distinctes, mats leurs 
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lamelles squelettiques se fixent ensemble k la face interne de la 
portion verticale du palatin dans sa partie superieure. Le 3eme 
est situ6 en dehors du Seme ethmo-turbiual interne, le 4eme en 
dehors de l’espace qui separe le 56me et le 66me ethmo-turbinaux 
internes. 

Les ethmo-turbinaux externes de la 26m e serie sont au nombre 
de 3. Ils sont tous situes 6, I’interieur du sinus fronto-naso- 
maxillaire. Ils sont tr6s developpes et tres pneumatises. La 
racine du ler s’ins6ro au niveau de la partie interne du contour 
superieur de la lame criblee ; en dehors, sa lame s ’attache aussi a 
la face interne de la portion orbitaire du frontal. 

Le 26me est situe au dessus de l’extr6mite post6rieure du naso- 
turbiual. Sa racine ethmoidale est reunie 4 celle du ler. 

Le 36me prend son origine tout en haut de la lame criblee ; en 
dehors, il s’attache & la face interne de la portion orbitaire du 
frontal. 

Canides. — L’6tude des cornets ethmo-turbinaux des Canides 
ayant fait l’objet d’un travail special qui paraitra prochainement, 
nous ne ferons ici que rappeler leur nombre. 

Les ethmo-turbinaux internes sont au nombre de 5 ; les ethmo- 
turbinaux externes de la 16re serie au nombre de 10, ceux de la 
26ine de 5. 

Crsidfa. — A lVncontre de ce que nous avons observe cite? les 
Carnassiers precedents, les ethmo-turbinaux internes sont ici 
situes tous, sauf le premier ou naso-turbinnl, en arri6re bien 
plutdt qu’au dessus du maxillo-t urbina 1. 

On compte 7 k 8 ethmo-turbinaux internes. Chez YUrsus 
arctos L. (No. 1918 -40) nous en avons trouvc 7, mais chez 
rOurs orne (No. 1848-369) nous en avons pu compter 8. Nous 
en avons egalement observe 8, du cote droit, chez V Ur 8us maritimus 
Desm. du Spitzberg (No. 1869-71). 

8. Paulli compte chez VUrsns arctos L. 4 endo-turbinaux avec 
7 cornets, parce que les lamelles basales du 36m e et du 46me se 
divisent respeetivement en 2 et 3 feuillets. 

Le naso-turbinal est tr6s allonge, ressemblant a celui du Cbien. 
Dans sa partie moyenne, il present© un gonflement remarquable 
r6pondant k sa cavite divisee en un grand nombre de logettes et 
qui descend jusqu'au milieu de la cavitd nasale. Bon squelette 
est represents par une lame osseuse qui, chez YUrsus isabdlinus 
Horsf. {syriacus\ devient tr6s forte avec l’&ge. 11 prend 
naissance k la partie superieure de la lame criblee. Inferieure- 
ment, il se fixe k la lame papyract 1 ©. 

L’ensemble des autres ethmo-turbinaux internes (2-3-4-5-6 
et 7) forme une masse d’un volume relativement. reduit. La. 
longueur de chacun d’eux diminue reguli6rement du ler au 
dernier. Tous sont caracterises par le fait que leur surface est 
lisse au lieu de presenter les nombreux plissements que Ton 
observe chez les autres Carnassiers. Leurs cavites sont diviseee 
en logettes, et tous prennent leur origine k la partie interne et 



1000 


DU . R. L. F. ANTHONY KT M. G. M. ILtESCO : 


iuferieure de la lame criblee. Inferieurement, tous sont, en outre, 
fixes k la lame papy races. 

En anftre de la masse constitute par les derniers ethmo- 
turbinaux internes est line larnelle osseuse qui, dependant de 
l’ethmoide et faisant im mediate ment suite & la lame criblee, stpare 
le sinus sphenoidal en deux compartiments. Le compartiment 
posterieur est une cavite libre, tandis que I’anterieur est enti&re- 
ment occupe par les trois derniers ethmo~turbinaux internes. 

Le 2&me ethmo-turbinal interne a sa racine ethmoi'dale reunie 
a celle du 3&me. 

L’ensernble ties ethnio-turhinaux externes consfcitue une masse 
extremezuent complexe. Tous sont trts di vises, mais leur 
division est irreguli&re. 11s out ton jours des racines communes 
avoc les etlnno-turbinaux internes. Us sont tr&s nombreux et 
leur nombre, ainei que leur situation, est variable suivant les 


Texte-figure 5. 



Coupe para&ngittule de la tote osseuse de Y Versus arctos L, (No. 1918-40) ; 
disposition des fosses nasalos, cott» gauche. 


•esptces. Ainsi, chez YUrsus arctos L. (No. 1918-40), tits 
different des antres formes k cet egard, ils sont beaucoup plus 
nombreux qu’ailleurs et leur disposition est aussi differente. 

Disposes chez YUrsus isabellinus Horsf. (No. 1905-218) en 
deux series, comme Chez tous les autres carnivores, ils forment 
trois series chez YUrsus arctos L., une premiere situee en dehors 
des ler, 2eme, 3 erne, 4eme, 5eme et 6&me ethmo-turbinaux 
internes, une deuxieme situee au dessus de la precedent© dans 
le foud de la cavity nasale, et enlin une troisi&me constitute 
d ’elements trcs developpes, tres pneumatises et qui s’im plan tent 
par leurs racines au plafond de la lame criblte. Oette troisieme 
aerie est entieremenb logee k la partie inferieure du premier 
compartiment dp sinus frontal, les tltments les plus posterieurs 
etant situes an \dessus de pa^tie anterieure ae l’htmisph&re 
cerebral. 

S. Faulli a trouve chez YUrsus arctos L. 9 ethmo-turbinaux 
externes. Nous pouvons affirmer qu’ils sont beaucoup plus 
nombreux. 
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Les racnies des ethmo-turhinaux externes paraissent disposees 
T* hneaires -, !llals “I'nieuses, 4 la surface de la. lame criblee. 

S ,:'irfr Q 8 T ™ tr “ bie " cb « VUrms Mkellinns Horsf., 

1 ™ 8 ( l - g,leS <le 'T* rK : K disposers 4 peu pros parallclement. 

On peut estuner que les Ours posucdent plus de 40 ethmo- 
tui binaux externes ; lew plus nombreux sont toujours ceux de la 
troisieme sene lorsque cetfce serie est distincte. Ceux qui sont 
les plus externes sont. fixes en dehors 4 la portion orbitaire du 
ftontal. Parmi ceux de la troisieme serie, il en est quelques-uns 
qui se hxent aussi a la oloison qui separe le compartiment le plus 
anterieur du sinus frontal de la cavite nasale. 

MuetdidvH.— Chez les Mustelides. la forme et la disposition des 
cornets est tres voisine «le celles qui s’observent chez les Ursulas. 
Mais, le nombre des ethmo-turhinaux internes est seulement de 
«>, ceux-ci ayanfc d mi! lours la memo origine quo chez les Ours. 


Texte-figure 6. 



Coupe para sugit tale de la tAt« o^sgum* du Xeles taxun llodd. (No. 1901-020) ; 
disposition des fosses miMiles, cote gauche. 


D’apres S. Paulli. le Meles tiuvuti liodd. poss&de 4 endo- 
turhinanx avec 7 lamelles enrouloes. 

II faut aussi ret narquer (pie les ethmo-turhinaux internes sont 
ici plus dcveloppex que ehez les IJrsides relativemont au volume 
de la tete. 

Le naso-turhiual est nssez dcveloppe. 8a cavite n’est pas 
subdivisee en logettes: sa racine inferieure est situee au dessus 
de la racine de la derniere inolaire. 

Les ethmo-turhinaux externes s’attachent tous en avant par 
l’intermediaire de la lame papymcee, soit 4 la face interne du 
maxillaire suptWieur, soit & celle de la portion verticale du 
palatin. Leur ensemble constitue uue masse volumineuse qui 
s’etend jusqu’A. la face superieure de Ja portion horizontal du 
vomer & laquelle elle adhere. 

Les ethrao-turbinaux externes de la l&re serie sont au nombre 
de 14 chez le Blaireau d’Europe (No. 1900-386). Plusieurs 
d'entre eux sont fixes k la lame criblee sur une meme lame osseuse 
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qui est commune quelguefois aussi aux cornets internes. Les 
deux cornets externes Jes plus inferieurs de cette l&re serie 
s’afctachent en bas k la face supe'rieure de la portion horizontale 
du vomer. 

Les ethmo-turbinaux externes de la 2eme serie sont au nombre 
de 12 chez le Blaireau d’Europe; ils sont loges dans la cavite du 
grand sinus fronfco-maxillo-nasal. 

S. Paullia trouve cbez cet animal 10 endo-turbinaux, mais il a 
certainement compt6 les cornets multiples pour un seul et c’est 
vraisemblablement de \k que provient son erreur. 

Inferieurement, les ethmo-turbinaux externes de la 2£me serie 
sont fix^s soit k la face interne du frontal, soit k la face interne 
de sa portion orbitaire, soit a la face externa de sa lame sagittale. 

Proeyonides . — Ohez les Procyonides, le nombre des ethmo- 
turbinaux internes est k pen pres le me me que chez les Ursides. 
La disposition d’ensemble est aussi celle des Ursides. 


Texte-figure 7. 



Coupc’parasagittale de la t4te avec les parties molle* du Natua nariea L. 
(No. 1923 - 240 U) ; disposition des fosses nasales, cdtd gauche. 


D’une fa^on general©, ces cornets sont egalement pltis allonges 
que chez les Mustelides, mais ils ont un volume plus r&luit, 
presentant au point vue de la forme une oertaine ressemblance 
avec ceux du Chat. 

Les 2£me, 36me, 4eme, 5&me, 6£me, 7^ me et 86me se fixent par 
leurs racines osseuses inferieures k la partie horizontale du vomer. 
QS. Paulli a trouv^ chez le Procyon cancrivorus G. Cuv. 6 endo- 
turbinaux, le 2£me etant double, ce qui fait en totality 7 ethmo- 
turbinaux internes. Nous n’avons pas examine cette esp&ce, 
mais le Procyon lotor L. en poss&de 7. Nous en avons aussi 
trouve 7 chez le Na&ua nariea L. ( fused ). 

Le 7&me eth mo- turbinal interne est engage dans la cavite du 
sinus sphenoidal par son extremity post^rieure. 

Les ethmo-turbinaux externes de la lire eerie sont au nombre 
de 10 ; le ler, le 2eme et le 3eme d’une pert, le 4etne et le Wme 
d’&utre part, le Mme et le IC&ne enfin ont leurs racines d’origine 
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communes sur la lame criblde. Oes cornets sont aussi fixds 
periphdriquement & la fnce interne du maxillaire superieur, 
quelques-uns d’entre eux s’attachant au bord posfcerieur de la 
lame papyracee. 

Les ethmo-turbinaux externes de la 2eme serie sont au nombre 
de 4 ; ils remplissent la cavitd du sinus fronto-maxillo-uasal et 
sont egalement fixes periphdriquement a la face interne de l’os 
frontal et aussi sur une petite etendue de la partie superieure des 
faces internes des os nasal et maxillaire superieur. 

Pinnipedes . — Chez les Pinnip6des, les ethmo-turbinaux sont 
toujours beaucoup moins developpes que chez les Fissipddes. 
Chez le Morse, leur squelette est trds fortement ossifie, mdtne chez 
le jeune. 


Tex te- figure 8. 



Coupe parasagittale de la t6te osseuse du JPhoca Varbata Fabr. (No. 1926-83) ; 
dispositions des fosses nasales, c6tA droit. 

Les ethmo-turbinaux internes sont au nombre de 7 chez le 
Phoque, de 9 chez l’Otarie, de 6 seulement chez le Morse. 

S. Paulli a trouve 5 endo-turbinaux chez le Phoque avec 
6 cornets, le deuxidme efcant forme de deux lamelles enroulees 
ayant la m&me origine. 

Ce group© des ethmo-turbinaux internes, a l’exception du 
premier qui s’etend jusqu’aux narines, constitue chez tous les 
Finnipddes une masse peu volumineuse occupant le fond de la 
cavitd nasale, de forme plus ou moins carrde chez le Phoque et 
le Morse, rectangulaire, c’estA-dire plus developpe dans le sens 
longitudinal, chez FOtarie. L’extremite antdrieure de cette 
masse s’engrdne plus ou moins, ainsi que celle de la masse 
oonstitude par les ethmo-turbinaux externes, avec les ramifications 
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posterieures clu maxiilo-turbinal ; ceci est surtoufc net chez le 
Morse et TOtarie, 

Les ©spaces qui separent les ethmo-turbiuaux internes sont 
tou jours tids red nits. 

En raison de la bridvete de l’os nasal chez TOfearie, la surface 
d'insertion de la lame d'origine du naso-turbinal sur la crdte 
turbinale de cet os est extrdmement reduito. De plus, ce cornet 
ne possdile pas de racine infdrieure. 

Parmi les autres ethmo-turbinaux internes, ii en est quelques- 
uns qui out leur racine d’origine commune avec celle du cornet 
voisin, comme, par exemple, cela s’observe chez l’Otarie pour les 
oornets 2 et 3, ainsi que pour les cornets 4 et 5, ou avec celle d\m 
ethmo-turbinal extern©. 

Les ethmo-turbinaux externes sont disposes en une seule sdrie, 
ce qui est en rapport avec l’absence de tout sinus chez les 
Pinnipddes, ainsi que nous le verrons plus loin, 

Ils sont peu nombreux, leur nombre variant suivant les espcces. 
Nous avons pu en compter 8 chez le Phoque, d’uti volume 
relativement rdduit et d’une forme peu compliqude. S. Paulli a 
dgaleinenfc trouvd 8 ecto-turbinaux chez V Halicheerua yryphus 
Fabr, 

En rdsume, les ethmo-turbinaux sont beaucoup moins nombreux 
et beaucoup moins developpes chez les Pinnipddes que chez le* 
Fissi pedes. Les externes sont groupes en une seule serie. 

/3. Maxiilo-turbinal , 

Ce cornet presente chez les divers carnivores de tres grandes 
differences de forme et de complication ; celle-ci attaint son 
maximum chez les Mustdlidds et les Ursides, mais surtout chez les 
Pinnipedes. 

Viverridts. — Chez les Vivemdes, le maxiilo-turbinal a une 
forme allonge© ; il occupe presque toute la moitie infdrieure de la 
fosse tiasale. 

8a lame dorigine sur le maxillaire superieur se prolonge 
antdrieurement au deli de l’apophyse nasale de rintermaxillaire 
et se termine en arriere sur un relief sifcud au dessus de la 
racine de la deuxidm? molaire chez la Civette, au dessus de celle 
de la lore chez le Paradoxuje (No. 1909-35). 

Cette lame dorigine ne porte qu'une seule volute qui est 
infdrieure, et qui ddcrit une spire dun tour et demi & peu pres. 
En bas, elle se prolonge par une petite lamelle secondaire 
incomplctement divisde par 2 on 3 sillons. De mdme, sur la face 
supdrieure de la lame d’origine, on pent observer quelques 
lamelles secondaires peu ddveloppdes, disposdes dans le sens de la 
longueur. 

En resumd, 111, maxiilo-turbinal des Viveiridds est volumineux, 
ddveloppd dans le sens longitudinal ; mais ii ne prdsente qu’une 
seule volute qui est infdrieure et simple. 

Felides**-* Chez ie Chat domestique le maxiilo-turbinal est simple 
de forme et sa division dichotomique est incomplete et irregulidre. 
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Chez le Lion, au contraire, il est remarquable par son grand 
developpement ; son squelette commence en avant un peu en 
arrive de la suture intermaxillo-uiaxillaire, setendant jusqu’i 
l’union du tiers anterieur et du tiers moyen de la portion verticale 
du pulatiti. 

8a lame d’origine porte deux volutes enroulees en sens inver»e, 
ruue superieure, l’autre inferieure, celled plus doveloppee (un 
tour et (lemi do spire) et se divisant en deux branches qui se 
reuni.vsent en a more i!t la lame primaire d’ou elles partent. 

Chez le Tigre, le Guepard et la Panthere, le niaxillo-turbinal a 
la memo forme quo chez le Lion, mais il parait 6tre relative- 
ment moins vohunineux. 

Hytnnides . — Chez les lly amides, le niaxillo-turbinal est d’un 
volume relativement rdduit et d’une forme a^sez simple, ce qui 
fait t|ue le meat.inferieur est tres large dans toute sa longueur. 

8a lame d'origine porte deux tides, enroulees en sens inverse, la 
superieure Fetant moins que Finferieure. 

Canutes. ~~ Le maxillo-turbinal du Chien est tres developpe, 
pre.Nentant une ramification dichotomique importante et a peu 
pres reguliere. 

Ursides. - -Chez les Ursides, le maxillo-turbinal est court, mais 
extraordinairement dcveloppo dans le sens de la hauteur et tres 
ramifie; la racine posterieure de sa lame d'origine est situee au 
niveau de la partio anterieure de la derniere molaire chez YUrsus 
arctos L. (No. 1918-40) et au niveau de Fespaee qui scpare la 
derniere molaire de 1’avant derniere chez YUrsus isabellinns 
Jlorsf. : olle est lixee au maxillaire superieur sur un relief osseux 
tres prononce. Ce cornet oceupe toute la hauteur de la partie 
nioyenne de la eavite nasale, setendant du plafond jusqu’au 
plancher. En raison de ce developpement extraordinaire, les deux 
meats, moyen et inferiour, sent ties red nits. 

Sa lame d’origine porte deux ailes, l’une superieure, l’autre 
infciieure, enroulees en sens inverse. Sur leur face interne, et, 
chez YUrsus isabellinns Horst*. (No. 19(»5—lil8L meme sur leur 
face externe, ces ailes primaires donnent naissance a des ailes 
secondaires qui sont variables en nombre suivant les espcces. 

Cbez YCrsns isabellinns llorsf. (No. 1905-218) et chez FfcVsw* 
arctos L. de File Sakhalin© (No. 1900-76) les ailes secondaires 
provenant de Faile primaiie superieure sont au nombre de 8, 
tandis que, chez YUrsus arctos L. (No. 1918-40), elles sont a u 
nombre de 5. Clmcune d’ejles se divise a son tour apres un court 
trajet. en deux ailes ter tia ires, celles-ci en deux ailes quaternaires 
et celles~ei memo en deux ailes du 5ume ordre. Les dernieres 
ailes linissent parse reunir a nouveau suivant lo meme system© 
pour s’inserer h la racine osseuse posterieure. 

LWle primaire infdrieure donne naissance (Fhabitude a 5 
lamelles secondaires, dont il est de regie que la 4ome soit tres 
developpee et tr^s ramifiee. Chez YUrsus isabellinns Horsf 
(No, 1905-218) nous en avons trouvd 6. Toutes se divisent de la 
Pkoc. Zool. Boo, — 1926, No. LXVI. 66 
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mOme mani&re que celles de l’aile primaire superieure et finissent 
aussi a la rncine posterieure. 

Les ailes secondaires sont tres courtes et non enroulees, tandis 
que les tertiaires, quaternaires et du Seine ordre sont plus 
longues, plus enroulees, mais toujours irregulkrement. 

En resume, les caracteres du maxillo-turbinal cbez les Ursid6s 
sont les suivants : son grand developpement dans le sens de la 
hauteur et sa ramescence extremement riche. 

Tex te* figure 9. 



Coupe transversals de la demi-t^te oseeuse droite du Mdes taxu* Bodd. (No. 1901- 
626) pratiqufo au milieu de la longueur du iaaxillo*turbinal suivant la ligne 
XY (voir texte-fig. 6), pour niontrer la grande ramescence de ce cornet. 
Procddd de K. Anthony, Bulletin du Mus. d’Hut. naturelle, 1916-1916. 

Mu&telidis* — Cl)ez les Must 61 ides, le maxillo-turbinal se rap- 
proche, comme forme et mode de division, de celui des Ursides ; il 
est beauooup plus divise que cbez les Chiens. Court et tr6s 
ddveloppe dans le sens de la hauteur, il obstrue It peu pres 
complement la lumiere de la cavite nasale, Sa lame d’origine 
porte deux ail Sts tr6s enroulees, et qui donnent naissance It des 
lames secondaires, 

Cbez le Blaireau d’Europe, l’aile primaire superieure porte 8 
aims secondaires et rinferieure 6, chaque lame secondaire por- 
tant & son tour deux ailes tertiaires, et celles-ci, pour la plupart, 
deux ailes quaternaires. 
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A peu pres au milieu de la longueur du cornet, ces lames 
s’associent a nouveau et toujours deux par deux pour finir 
ensemble a Textremite posterieure. 

En resume, les earactcres fondainentaux du maxillo-turbinal 
chez les Mustelides sont, conime chez les Ursides, son grand 
developpement dans le sens vertical et sa tres grande ramescence. 

Procyonides . — Chez les Procyonides, le maxillo-turbinal res- 
semble beaucoup a celui des Cauidcs, avec cette difference que, 
chez le Procyon par exemple, il est plus divise. 

De son grand developpement result© (pie le meat inferieur est 
tres roduit. La racine osseuse posterieure est place©, chez le 
Procyon , au dess us de 1 'alveole de la premiere molaive. 

La lame d’origiue porte deux ailes plus enroulees que chez le 
Chien et <pii se subdivisent jusqu’au 5c me ordre. L’aile priinaire 
inferieure est la plus irnportante et forme avec ses branches ii peu 
pres les trois quarts du volume entier du maxillo-turbinal ; elle 
porte 6 lamelles secondaires qui, j\ leur tour, so rami dent, toujours 
suivant le system© dichotomique. L’aile priniaire superieure est 
moins divisee et ne porte quo 2 ailes secondaires, qui sont aussi 
moLns divisees que cedes de 1‘aile inferieure. 

I r tni lipedes. -Oh ez les Pinnipedes, le maxillo-turbinal atteint 
un plus grand devtdoppement. et une plus grande complication 
(pie partout aillours. Son grand developpement parait s’etablir 
au depens des ethmo-turbinaux qui sont ties reduits, surtout chez 
le Phoque et chez le Morse. II est si developpe dans le sens de 
la hauteur que, chez l’aninuil vivant, la muqueuse doit ohstruor 
plus ou moins completement la cavite nasal© dans sa partie 
moyenne. Les meats moyen et inferieur ctant ainsi a peu pres 
supprnnes, seul le m&it superieur reste bien discernable. 

La racine de ce cornet est ii peu pres horizontal© chez le Phoque 
ot chez l’Otarie, plus large et plus incline© de liaut en bas et de 
dehors en dedans chez le Morse. Elle s'etend en avant chez le 
Morse et chez l’Otarie jusqu’a l’apophyse nasale de 1'inter- 
maxillaire, se terminant chez le Phoque et le Morse un peu en 
arriere de la derniere molaire et chez TOtarie au niveau de I'avaut- 
derniere. Le mode de subdivision de la lame d'ongine est 
different de celui que nous avons constate chez les Fissipcdes, bien 
(pie les dispositions observers chez les Ursides, les Mustelides et 
les Procyonides y eonduisent. 

Chez le Phoque, il y a deux lames primaires, qui ne sont que 
peu enroulees, la superieure presentant 4 divisions secondaires et 
1 'inferieure 5 ; celles-ci k leur tour portent d'autres branches 
de plus en plus divisees. Nous avons pu suivre cette division 
dichotomique jusqu'a des branches du Seme ordre. 

Chez T0tarie,de la face superieure de la lame d origin©, on voit 
partir 7 branches primaires, les deux premieres ayant une racine 
commune; de sa face inferieure, presque accolees k la paroi 
inftjro- lateral© de la cavity nasale, parfcent 3 branches primaires 
eeulement; elles se subdivisent jusqu'au 4eme ordre. 

CJ'est chez le Morse que le maxillo-turbinal atteint le plus grand 

66 * 
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developpement. Les branches primaires de la face supero-interne 
de sa lame d’origine sont an noinbre tie 6. Elies peuvent se 
subdiviser jusqu’au 6cme ordre, et, comme chez tons lesPinnipedes, 
ces branches de subdivision sont d autiiut plus flexueuse qu’elies 
appartiennent a un ordre plus eleve. Toutes se regroupeut a 
nouveau en arriere, <Poil il result© que la plus grande ramescence 
du cornet s observe a sa partie movenne. 

En resume, les caracteres fondamentaux du maxillo-turbinal 
chez les Pinnipedes sont : un developpement tel dans le sens de 
la hauteur qu’il doit obstruer la cavite nasale, et sa tres grande 
ramescence. 


3. Les Meats. 

Chez les Carnassiers, comme partout, le meat superieur no 
contient aucun orifice. Le meat moyen present© toujours 
l ’orifice du sinus maxillaire, le meat inferieur celui du canal de 
Btenson toujours permeable et celui du conduit lacrymal dans sa 
partie anteneure. 

Viver rides et Feiides . — Le meat superieur est proportion - 
nellement plus large chez les Viverrideset chez les grands Feiides 
que chez le Chat. 

Hy<mide $ . — Le meat superieur est represents par une gonttieie 
particulierement large et profonde. L’orifice du canal de Btenson 
dans le meat inferieur est an niveau de Palvcole de la canine, 
celui du canal lacrymal a un niveau un peu plus anterieur. 

Canirtes . — Chez les Caiiides, le meat superieur est semblable k 
celui des Viverrides et des grands Feiides. 

Ur sides . — Chez les Ursides, le meat inferieur, qui est d’abord 
tres large, devient extremement reduit an niveau du maxillo- 
turbinal en raison du grand developpement de ce cornet dans le 
sens de la hauteur. LI redevient tres large en arriere. 

Par le fait (Pune particularity remarquable, les Ursides posscdent 
a la marge de Porbitedeux irons lacrymaux, Pun antero-snperieur, 
P autre postero-inferieur perce ii lunion du lacrymal et du 
maxillaire superieur. L’orifice lacrymal dont on note la presence 
a Pa van t du meat inferieur correspond seulement au premier de 
ces trous ; au second correspond un canal qui debouch© k la paroi 
ex tern e du sinus maxillaire stir une petite eminence, 

Mustelides.— Chez les Mustelides le meat superieur ressemble 
beaucoup a celui de PRyone. Par contre, le meat moyen ressemble 
plutot a celui du Chien, 

Le meat inferieur est assez large s«uf dans sa partie moyenne 
oil il devient tres etroit par suite du grand developpement du 
maxillo-turbinal dans le sens de la hauteur. 

Procyonidea . — ez les Procyonides, le meat superieur est assez 
large et bien ddliihite comme chez le Chien. 

Le maxillo-turbinal chez le Procyon ytant tr^s ddveloppy et 
remplissant k peu pr&s complete men t la partie anterieure de la 
cavitd nasale, l’espace que represente le meat moyen est si reduit 
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qu il n existe gut re en lealite tiu niveau de ce cornet. II en est& 
peu pres de mome du m&it inferieur. 

I^e canal de Stenson s’ouvre un pen en arriere des incisives. 

Pm ni pedes. Chez les Pinnipedes, le meat superieur est une 
etroite et profonde gouttiere. 

Los meats tiinveii et inierieur sont, en raison de lVxlivme 
ddveloppernent du maxillo turbinnl, a pen pres suppriines II 
semhle quo olio/, l’animal vivant la communication des voies 
respiratoires avec 1 exterieur no puisne se fair** que par la honcho* 
Chez tous les Pinnipedes, le canal lncryinal fait dcfniit. 


4. Les Sinus. 

I iverndes. — Chez les Vivei rules, on cum pic .*1 ou 4 sinus. 

Chez la Viverra indica Desrn., einsi que cliez le Parado.nwus, il 
en existe 3 : un sinus fronto-maxillo-nasal, un sinus maxillaire 
et un sinus sphenoidal. 

Chez la Chefcte, il en existe 4: un sinus frontal, un sinus 
fronto-maxillo-nasal, un sinus maxillaire et un sinus sphenoidal. 

Le sinus frontal est simple et ere use entierement dans l’os 
frontal. 11 est situo en article de son apophvse oi bitaire et, par 
sa moitie posterieure, il suiplombe le lobe olfactif et nieme la 
paitie anterieure de rhemispheve ceiebial. 

Le sinus frontomaxillo nasal est une tits large cavite s’etendant 
mix deux portions du frontal (frontale proprement dite et orbitaire), 
«u maxillaire superieur, a la paitie posterieure de 1 os nasal et a 
la lame sagittale de 1’ethmoide. Cette grande cavite est entiere- 
ment oeeupee par les cornets ethmo-turhinaux externes de la 
2eme serie et en large communication avec la cavite nasale par 
rintermediaire des espaces qui scpaient ces cornets. Elle est 
uussi en communication di recto avec le sinus frontal, par la 
cavite d’uu cornet externe de la 2eme serie et avec le sinus 
maxillaire. 

Le sinus maxillaire est une cavite bien circonscrite qui interesse 
mm seulement le maxillaire superieur, mais aussi le lacrymal. 
♦Sa limite anterieure est an niveau du trou sous-orhitaire. 

Le sinus sphenoidal creuse dans le prosphenoide presente, chez 
les Viverrides, des differences notables de capacite. Celle-ci est 
tres reduito ehez le Paradosnnts , tandis que chez la Chette ainsi 
<jue chez la Yiverra indica l)esm., elle est relativement vaste. 
Elio est toujours et a peu pres complctement oeeupee par 
rextremite posterieure du dernier ethmo-turhinal interne. 

Felides . — 11 existe chez le Chat trois sinus: fi on tal, fronto- 
nasal et sphenoidal, ce dernier etant tres developpe. Le sinus 
maxillaire fait defaut. 

Chez les grands Felins, on eompte de chaque cote 4 sinus : un 
sinus frontal, un sinus fronto-nnsal, un sinus sphenoidal et un 
sinus maxillaire. 

Le sinus frontal s etencl aussi i\ la partie anterieure du parietal. 
11 est divise en logettes, dont le nombre est variable, par des 
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cloisons assez fortes, mais in coni plates. 8a cavite esfc en com- 
munication avec celle du sinus fronto-nasal par un large orifice 
obture k peu pres corapJetement par Fextr&nite postcrieure d’un 
ethmo-turbinal externe de la 2eme serie par la cavite duquel 
s’etablit en realite cette communication* 

Chez le Tigre, le sinus frontal est plus reduit, et sa cavite n’est 
pas divisde en logettes. II est en communication direct© avec la 
cavite du sinus fronto-nasal par un large orifice qui est occupy 
en partie par l’extremite posterieure de deux ethmo-turbinaux 
externes de la 2&rne s£rie ; mais il present© une particularite 
digne d’etre remarquee en ce que les extrcmites de ces deux cornets 
sont completeinent occluses. 

Le sinus frontal chez la Pantlicre est tres spacieux et divise en 
plusieurs logettes, surtout en nrrieve et en dehors. 

Cliez le Guepard, ce sinus est encore plus vaste, et est aussi 
divise en logettes, mais mieux individualises que chez la Pantb&re. 

Chez ces deux dernieres especes, Panther© et Guepard, le sinus 
frontal nest pas en communication direct© avec le sinus fronto- 
nasal, mais Test par Fintermcdiaire d'un ethmo-turbinal externe. 

Le sinus fronto- nasal cliez le Lion est a peu pres de la m erne 
grandeur que le sinus frontal ; sa cavite est toujours entitlement 
occupee par les ethmo-turbinaux externes de la 2eme serie qui 
sont tres developpes. 11 communique avec la cavite nasal© par 
l’iutermediaire de ces cornets. 

Le sinus fronto-nnsal cliez le Tigre est plus developp^ que le 
sinus frontal avec lequel il est en communication direct.©, comm© 
nous lVivons ddjk dit. 8a cavite est, ainsi que chez le Lion, occupee 
par les ethmo-turbinaux externes de la 2eme serie. 

Il en est de m£me chez la Panther© et le Guepard. 

Le sinus sphenoidal cliez le Lion est tres developpe; son orifice 
de communication avec la cavite nasale est plus qu'aux deux tiers 
occupe par le 5cme ethmo-turbinal interne. 

Ce sinus est aussi assez spacieux chez la Pan there et chez 
le Guepard, etant meme relativement plus developpe que chez le 
Tigre. 8a cavitd est occupee par Fextrdmitc posterieure du Hem© 
ethmo-turbinal interne chez le Tigre et la Panthdre ; mais chez 
le Gudpard ce cornet s’arrete k l’entr^e de la cavittf du sinus 
sphenoidal. 

Le sinus maxillaire chez le Lion est d’une capacite relativement 
reduit©. 

Il est encore plus reduit chez le Tigre ©t le Guepard, et surtout 
chez la Pan there. 

La, reduction du sinus maxillaire, qui est raeme inexistant chez 
le Chat, est done un earactere general des Felins. 

Hycenidt‘8 . — Chez les Hyaenidds, les sinus frontal et fronto- 
nasal sont extr^mement d^velopp&s. Dans l’intdrieur du sinus 
frontal exist© un grand cornet largement enroute ©t par Finter- 
mediaire duquel ce sinus communique avec la cavite nasale. Le 
sinus fronto-nasal, dont Finterieur est mcompletement divisti en 
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deux grands compartiuieuts par uue cloison osseuse tres epaisse, 
present© dans la parfcie postero-interne de son eompartiment 
posterieur deux grand cornel* ethmo-turbinaux externes de la 
2ume serie, par Fintormediaire desquels sa cavite com in unique 
aussi avec la cavite tiasale. 

Li© sinus sphenoidal e.st vast©. 8a cavite est completement 
remplie par le Gome ethmo-turbinal interne ties developpe. Le 
sinus maxillaire existe. 

Canutes. — On compte chez le Chien q uat re sinus : frontal, 
fronto-nasal, ethmoidal et maxillaire *. 

Ursides. — Chez les Ur sides on compte 4 sinus : frontal, fronto- 
nasal, sphenoidal et maxillaire. 

Le sinus frontal est une cavite d’habitude ties spacieuse et qui 
atteint son plus grand developpenient chez 1 'Ursas arctos L. dans 
sa parti© cranienne, tandis que chez Y Ursus isabeUiuus llorsf. et 
chez FOurs blanc c’est plutot dims sa partie faciale qu’il s'etend. 
11 presente des dimensions variables suivant les types. Ainsi, il 
est moins developpe chez YUrsus isahellinns ilorsf. ; il lest peu 
aussi chez FOurs blu nc. Chez Y f r ?-$ns arctos L. (voir texte-figure 5) 
sa cavite est divisce en 4 comparti m exits. Chacun de ces comparti- 
ments, sauf le dernier, communique separement a\ec la cavite 
nasale par un orifice situe to u jours a sa pointe inferieure. 

8. Paulli a trouve aussi chez Y( r rsas arctos L. 4 com parti in ents 
dans le sinus frontal. 

La cavite du premier eompartiment e*t occupee par les ethmo- 
turhinaux externes de la 3eme serie qui out leurs racines implantees 
au plafond de la lame criblee. 

Chez YUrsus isahellinns llorsf., ainsi (pie chez FOurs blanc* 
(No. 18G9-71), le sinus frontal n’est divise qu’en deux com- 
partiments, clont Fanterieur est le plus grand et en mcme temps 
occupe il peu pres entierement par les etUmo-turbinaux externes 
de la 2eme serie qui sont civs developpe*. Ces deux compai timents 
communiquent separement avec la cavite nasale. 

Le sinus fron to- nasal est une grande cavite simple qui, chez 
YUrsus arctos L., a une forme allongee. Il se prolonge en avant 
par une grande excavation creusee dans la partie posterieure de 
Fos nasal. Ce sinus present© sur son plancher une tres large 
ouverture par laquelle il communique avec le sinus maxillaire. 
11 ne communique pas avec le sinus frontal. 

Le sinus sphenoidal est, tres grand chez YUrsus arctos L. 
(No. 1918-40) et moins developpe chez YUrsus isahellmus llorsf. 
efc chez FOurs blanc. Il occupe toute la longueur du prosphdnoide, 
s’etendant tneme, chez YUrsus arctos L., a la partie anterieure du 
gphdnoide posterieur. Ce sinus, qui present© en avant une logette 
lateral© assez importante, est divise en deux compartiments par 
une lame qui depend du prosphenoi'de : le eompartiment posterieur 
communique directement avec la cavite nasale ; le eompartiment 

*• Voir pour plus de details, G. M. Iliesco, mtfmoire A paraitre procluunwmmt. 
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anterieur est occupy enticement par les 3 derniers ethmo- 
turbinaux internes. 

Le sinus maxillaire est repr<?sent£ chez les Ours par une cavity 
bien delimits, k la paroi extern© de laquelle est percC l’ouverture 
du conduit lacrymal postero-inferieur. 

Mustelidte.— Chez les Mwstelides, il exist© trois sinus: un 
grand sinus fronto-maxillo-nasal, un sinus sphenoidal et un sinus 
maxillaire. 

Le sinus fronto-maxillo-nasal est tres developpe par rapport k 
la grandeur de la tCe et a la taille des animaux. Sa cavite est 
creusta dans la plus grande partie de Tos frontal et est entitlement 
occupee par les etb mo- turbinaux externes de la 2eme serie, par 
I'intennediaire desquels elle communique avec la cavite nasale. 

Le sinus sphenoidal est relativement bien ’ developpe, toujours 
creuse dans le corps du prosplienoide et occupe par les deux 
derniers ethmo-turbinaux internes. 

Le sinus maxillaire s’ouvre dans le meat moyen par un orifice 
situ© en arriore de la raeine postCieure du maxillo-turbinal. 

Procyonides .— Chez les Procyonides, il existe 4 sinus : un sinus 
frontal, un sinus fronto-maxillo-nasal, un sinus sphenoidal et 
un sinus maxillaire. 

Le sinus frontal, chez le Procyon , est represent© par une cavite 
assez grande et simple, creusee entierement dans l’os frontal. 
Cette cavite est en communication avec la cavitd nasale par 
l’interm^diaire du 4&ne cornet ethmo-turhinal externe de la 
2Cue serie, dont Textr^mit^ postCieure s’insCe au pourtour d’un 
orifice par lequel ce sinus s’ouvre en avant dans le sinus fronto- 
maxillo-nasal. 

Le sinus fronto-maxillo-nasal est un peu plus vaste que le sinus 
frontal. Sa cavite, qui communique avec celle du sinus frontal, 
est entiCement occupee par les ethmo-turbinaux externes de la 
2&ne sCie ; inferieurement, il est limits par la lamelle du naso- 
turbinai et par la lame pa py race©. Il est en communication avec 
la cavity nasale par les espaees qui apparent les ethmo-turbinaux 
externes de la 2Cne sCie. 

La cavity du sinus sphenoidal creusee dans le quart anterieur 
du prosph^noide est occupee par les deux derniers ethmo- 
turbinaux internes. 

Le sinus maxillaire n est represente chez le Procyon que par 
une cavite relativement reduite situ6e immediatement en arriCe 
de Textr6mit4 posterieure du maxillo-turbinal. 

Pimiiphdea . — Chez les divei-ses espCes de Pinnip&des, tous les 
sinus font d6faut, On peut observer, en arriCe du maxillo-turbinal 
et au dessous des ethmo-turbinaux, une vaste depression limits© 
en dehors par la portion orbitaire du frontal et par la portion 
vertical© du p&lattn, en bas par la portion horizontal© de ce 
dernier os. Cette depression , qui se trouve en large communication 
avec l’arriere fond des fosses nasales, ne represente pas un veritable 
sinus. 
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Resume. 

Les variations de forme des cavites nasales chez les Carnassiers 
suivent dans I’ensemble les variations de forme de la tete : par 
exemple, les cavites nasales des Viverrides sont etroites et 
allongees, celles des Felides courtes et liautes. 

# II existe atissi, suivant les types, des variations quant h la 
disposition des os qui prennent part k la constitution des paiois 
des cavites nasales. A cet egard, 1 'ensemble des Pinnipcdes se 
montre different de l’ensemble des Fissipedes. 

lies Carnassiers sont remarquables par le grand nombre de 
cornets qu’ils peuvent quelquefois posxkler, par la, grande 
rarnescence de ceux-ci et par tin recouvrement beaucoup plus 
large que chez les Ongules, par exemple, des etbmo-turbinuux 
internes de la region moyenne, les uns par rapport aux autres. 

Le tableau ci-dessous indique le nombre des etlimo-turbinaux 
gendraleinent existant dans elm que famille: — 
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Au point de vue de la forme, de la disposition et du nomine de 
leurs cornets, les Carnassiers se divisent naturellement en deux 
grands groupes. 

Les Viverrides, Felides, Hy ten ides sont caracterises par un 
faible nombre d’ethmo-turbinaux, un muxillo-t urbina 1 peu el eve, 
rnais developpe dans le sens antero-posterieur, relativement simple 
de constitution. 

Les Ursides, Mustelides, Procyonidds sont caracteriscs : 1°, par 
un nombre d’ethmo-turbinaux sensiblement plus grand — ceux-ci 
atteignent leur maximum de nombre chez les Ursidds ou les 
ethmo-turbinaux externes peuvent meme comprendre 3 series, ce 
fait paraissant 6tre en rapport avec le grand deveioppement de 
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leurs organes olfactifs ; 2°, par la complication de ces ethmo- 
turbinaux ; 3°, par un maxillo-turbinal court, mais tres developpe 
de haut en bas, d’une constitution extrfemement complexes 

On remarquera que ces deux groupes correspondent exactement 
aux Ailuroi’des d'une part et aux Arctoides de l’autre, sous ordres 
etablis d’aprcs un ensemble de caractcres auxquels il faut main- 
tenant ajouter ceux des cavites no sales. 

Les Canides (Cynoides) sont a cet 6gard, comme k tous les 
autres, intermcdiaires entre les Jflluroides et les Arctoides. On 
notera qu’au point de vue des cavites nasales, ils se rapprocbent 
surtout des premiers. 

Les Pinnip&des sont par le nombrfe, la disposition et la forme de 
leurs cornets, comme k tous les autres points de vue, de veritables 
Arctoides. Leur maxillo-turbinal est semblable k un maxillo- 
turbinal d'Urside ou de Mustelide, atteignant mfcne un plus 
grand volume et une beaucoup plus grande complication. La 
regression de leurs ethmo-turbinaux tant en grandeur qu’en 
nombre est en rapport tout a la fois avec le grand developpement 
de leur maxillo-turbinal et avec le peu d'importance de leurs 
fonctions olfactives. 

Le meat inferieur est partout dautant moins large que le 
maxillo-turbinal est plus eleve : en eftet, il est relativernent 
spacieux chez les i&lurordes, beaucoup moins cbez les Arctoides 
Fissipedes, pratiquement supprime cbez les Pinniped es dont le 
meat moyen est aussi a peu pres inexistant. Chez ces dernier* 
animaux, il semble que le passage de Pair aux voies respiratoires 
ne puisse guere se faire que par la bouche. 

Le conduit de litenson, qui, comme J’onsaifcjsouvre dans le meat 
inferieur, est toujours permeable chez les Oarnassiers. 

Au point de vue du canal lacrymal, qui s’ouvre constamment 
dans le meat inferieur, il convient d’insister sur la partieularite 
presentee par les Ursides. Ces animaux ont deux trous iacrymaux, 
k cliacun desquels correspond un canal lacrymal ; de ces deux 
canaux Iacrymaux, Pun s’ouvre dans le meat inferieur, l’autre 
dans le sinus maxillaire. 

Les sinus sont au nombre de 3 ou 4 suivant les types: frontal, 
fronto-nasal et, quelquefois, chez certains types, fronto-maxillo- 
nasal, sphenoidal, maxillaire. Par le fait, d’une exception unique, 
ce dernier sinus n’existe pas cbez le Chat ; chez les grands Feline, 
et aussi chez les Procyonides, il est de taille relativernent reduite, 

Dans la cavity du sinus frontal (chez les Hyamid&i), fronto- 
nasal ou fronto-maxillo-nasal, sont log4s les ethmo-turbinaux 
externes de la 2&me serie, ou m6me ceux de la 3eme sdrie chez 
les Ours, qui souls poss^dent ces comets. 

Chez les Pinnipedes, il n’existe aucun sinus cranio-facial. 
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Signification des Lettres employees dans les Texts figures. 


N.t. — Nuso-tu rhinal. 


ISA . — Ensemble des Etbmo-turbinoux 
internes. 


Ii.i.2 
EA. 3 
EAA 
j E.i, n 
Jffi.i.O 


}-Ethmo-turbinau\ internes. 


E.i. 7 J 

M.e. I. — Ensemble des ethmo-turbinaux 
externes do In lere s6ne. 


JF.e. II. — Ensemble des ethmo-turbinaux 
externes de la 2eme st'ne. 
JC.e.III. — Ensembledes ethmo-turbumm 
externes de hi 3<' uie serie. 


M.t. — Mrtxillo-turbinal. 
l.o. — lame d’origine. 
l.p —lame primaire. 

, 31. s . — M£at superieur 
1 M<5at moyen 

, 31. i . — Meat lnfeneur 
| Sinus frontal, 
i S.f.n . — Sinus fronto-naxal. 

, Sf.m.n. - Sinus fronto-maxillo-nasal 
»S .a. — Sinus sphenoidal . 

St. — Canal de Stenson. 
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51. On the Crop Contents of certain Mullophagd. 

By Dr. James Watekston, F.Z.S. 

(Offered for publication by permission of the Trustees of the British Museum.) 

[■Received May 25, 11120: Read October 111, 11120.] 

(Text, -figure 1 .) 

In the Mallophaga, as is well known, the crop is a, con- 
spicuous feature of the anterior portion of the alimentary tract. 
Frequently it can be seen without dissection, and it has been 
figured now for a considerable number of species. Three main 
forms of the organ are known. In the Liotlieida? the crop is 
a more or less distinct and simple enlargement of the posterior 
(esophagus, separated from the ventriculus by a constriction. 
In the Isehnooora generally, it is a pear or tadpole shaped 
sac, broadest anteriorly (where it opens both to the oesophagus 
and to the ventriculus, the openings being at about the same 
level) and tailing oil’ considerably posteriorly; while in the 
TrichodeetidiH it is a separate sac-like structure connected 
Avitli the (esophagus by a nairow tube. The following notes 
are concerned only with crops of the first two types. As seen 
through the integument the crop (generally blackish in colour) 
lies obliquely across the abdomen with the broad end on 
the right anteriorly, while the narrow apical portion readies 
far back on the left. During life it undergoes periodic 
compression and contraction (?), appearing to flatten out from 
time to time posteriorly and to shift slightly forward, after which 
in recovers its original position and shape. In Gov iodex 
hicus/vdatus (on Trwjopan spp.) the rate of this pulsation is 
much slower than that of the dorsal vessel. As the “tail” 
flattens out one can see the long feather fibres within and 
t he agitation of smaller particles. In the crop of this type the 
chitinous intima is longitudinally striate or finely plicate, the 
stria? being well marked posteriorly — i. <?., towards the “ tail.” 
On the broad anterior end, slightly in advance of the inlet 
and outlet of the organ, is an area set with teeth variable 
in shape and disposition. Commonly they range from 12 g 
in length. They may occur singly or in short comb-like rows, 
each with a continuous chitinous base, and together forming 
a more or less dense apical cap, easily appreciated when the 
crop has been slit open and its contents evacuated. One special 
arrangement (found in certain Sand -Grouse parasites) may 
be referred to where the combs of teeth are parallel and 
succeed one another at intervals, forming a longitudinal row 
for some distance down the side of the crop. 

Nothing seems to come amiss to the Mallophaga as food. 
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The protecting sheaths of growing feathers, feather fibre, down, 
skin, scurf, scabs, blood (when available), etc., are all eaten ; 
they devour, too, their own egg-shells and cast-off skins and 
perhaps occasionally indulge in cannibalism, for I have recently 
examined a crop of the large G. bicwpidatus which was crammed 
solely with fragments of Goniocotes diplogonus , some of which 
appeared not to be of exuvial origin. 

If the crop of a Philopterid is examined after its owner 
has fed some time on one of the stiffer feathers of its host, 
it will often be found to be packed with sections of barb of 
a length equal to the crop itself. Sometimes, however, the 
fibre is in shorter lengths. The further breaking up of 
the food appears to be affected by the movements of the organ 
already noted, whereby the crop- contents are squeezed forward 
and rubbed against the rasp-like teeth, the tiny fragments 
thereafter flowing for digestion into the ventriculus, whose 
contents are always homogeneous, and where i have never 
seen unaltered fibre. If this view of the function of the 
crop-teeth is correct, the crop, it is obvious, is at the same time to 
some extent a gizzard. Where the combs of teeth are set in 
a longitudinal row, they also probably help to guide the fibre 
to the apex of the crop. The chitinous and other comestibles 
in a Philopterid crop, however, are far from exhausting its 
contents. For four years I have been taking intermittent 
notes on this subject, and perhaps I can best indicate the 
unexpected variety of these inclusions by describing a concrete 
example. Owing to its resistance to clearing agents the crop 
of the Mallophaga is apt to be a source of trouble in the 
preparation of mounts. Hence, it has been my custom for 
some time past to remove the crop, and either discard or 
mount it separately. While examining the freshly removed 
crop of Esthiopterum monile Gieb. $ taken on a tawny vulture 
(Neophron pileatus ), Africa, Kenya Colony, ltbanga Hills, 
20.vii.1921 (H. Wilkinson Coll.), I noted a number of small 
refringent granules, sufficiently hard to bend the tip of a fine 
steel needle. These granules did not break or crumble when 
mounted under pressure (upper figure), and when examined 
by polarised light were seen to consist of three different 
minerals, the bulk being quartz. 

As* no special care had been exercised m extracting the 
crop to avoid breakage (by which extraneous bodies might 
have gained entrance into the organ), a second example of 
the Esthiopterum was selected and the crop dissected out intact 
and undistorted in any way. This second specimen chanced 
to be less congested with food than the first, but contained 
about tbe same dumber of granules lying aggregated together 
at the broad end immediately behind the patch of teeth. In 
the process of mounting, a slight separation of the granules 
was caused by the cover-slip (see lower figure). In a number 
of preparations of lice from other hosts and regions, it seems 
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that this anterior position is that normally occupied by the 
granules, and, though no observations on the point have been 
possible, it is difficult to resist the conclusion that when 
present they act as accessory triturating agents like the stones 
in the crop of a bird. 


Text-figure 1 . 



The following is a complete list of the foreign bodies and 
their dimensions found in the two crops under discussion. 
Here I should like to thank heartily my colleagues Mr. W. 
Campbell Smith, Dept, of Geology, and Mr. J. Kamsbottom, 
Dept, of Botany, for the time and care they have ungrudgingly 
spent with me in the study of these preparations to ensure 
accurate determination. The measurements are given in terms 
of p ( =a *001 mm.). 

Contents of Crops of Esthiopterum monile Gb. 

Length of crop about 1*8 mm. Breadth over *4 mm. 

a. (and all unlettered grains). Quartz. Large pentagonal grain 

(above h) l. = 96/i, b. = 72p., other grains 50-65 p by 40- 
45/i. 

b. Mica. l.=90/a, b. = 52 p. 

g . Lepidopterous scale, l. = 130p. 

d. Feather fibre. 

e. Portion of seed-coat (cereal ?). l. = 90/i. 

/. Conidial form of a Pyrenomycete Cladosporium sp. (probably 
C. herbarum (Pers.) Link.). Cells, 1. = 20-30 p, b. =4-5 p. 
f\ Spore (probably of /). Total length 13 p (segments 7 and 6), 
breadth 3 p. 

g. Olivine or pyroxene. 1.— 64 /x, b. = 60/x. 

h . Felspar (outline indefinite). 

o. Globule of organic detritus. 

p. Cuticular process ? of insect larva. 

Orop-teeth up to 2 p j ribands up to 20 p with 1, 3, 7, 9 teeth. 
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Two comments on the above inclusions may be offered ; — 

General nature . The minerals are all derivable from rocks 
of an igneous region, and the quartz, felspar, and mica might 
have come from any sand in a granitic area. The other elements 
are more fortuitously associated, but it is worth noting that 
1 have seen the same or a very similar mycelium and eonidio- 
phore in the crop of a Lagopoccm from Spitzbergen. 

Origin . While it is obvious that the above objects must 
have been taken in with the food, the conditions of their 
deposition on the host's feathers are less certain. Esthiopterum 
morvile occurs mainly on the (?) secondaries of the wing in a 
position, one would suppose, of security against such accidental 
fouling of the vulture’s plumage as occurs when the bird is 
feeding or on the ground. On the other hand, all might 
have been deposited on the feathers of the jstretehed-out wing 
in soaring at no great height. The size of the grains indicates 
probably a local origin, for the smallest pieces of quartz 
measured are over twice the maximum recorded for fine long- 
travelling dusts (see W. Campbell Smith in Bannermau, * The 
Canary Islands,’ Appendix A, p. 32**h London, 1922). 

Otfwr instances . Since first observing these mineral inclusions 
1 have noted their occurrence in crops of an Eslhioplernm 
from Marabout Stork (Africa); Philopterids from Hornbill 
(E, Asia.) ; hagopcecns etc. from Gallinaceous birds (various 
localities). Permanent mounts bar e 1 >een nr&de of the prepara tions 
above described, and can be seen at S. Kensington by anyone 
interested in the subject. 

In conclusion, I may add a note on the crop of the Liotheidse. 
Here a most striking difference is to be seen in the crop fc< teeth,” 
which are large gently-curved scimitar-like structures with a 
spreading chitinous base. Applied to such structures the 
word “ teeth ” is a misnomer, for no evidence that they 
function as such has ever been forthcoming, and careful 
(longitudinal) sectioning of Volpocephalum putellutum shows that 
in their natural position these curved flat blades lie parallel 
to one another across the crop posteriorly with their apices 
just resting on a fold of the opposite wall. The lumen of 
the crop is thus occluded to every tiling unable to pass between 
the blades, which in association appear to form, and doubtless 
function as, a filtering or sifting grid. On the method of its 
working, however, no details have been yet ascertained. 
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52. The Animal Increment of the Antlers of the Red Deer 
[Cervus elaphus) \ By Julian S. Huxley, M.A.,F.Z.S. 

[Received June 7, 1926 : Read October 19, 1926-1 
(Text-figures 1-3.) 

Considering the varied biological interest of the subject, 
singularly few accurate data are available on the growth of 
deer antlers. It was therefore with great interest that 1 
discovered that Captain C. E. Lucas, of Warnham Court, 
Sussex, had since the year 1893 collected all the shed antlers 
of the famous Warnham herd of Red Deer, and had kept 
continuous series of all the best heads. He kindly put this 
unique material at my service; and with his help and that 
of Mr. Frank Wallace, 254 pairs of antlers belonging to 32 
deer of this herd were weighed. I should here like to tender 
my thanks to these two naturalist-sportsmen for their interest 
and help. 

In addition, one series of antlers from the same herd (No. 1 
in the Tables) had previously been weighed and recorded by 
Mr. J. G. Millais (see Wallace, 1914), and another (No. 34) 
had been sent to Dr. J. Ritchie, of the Royal Scottish National 
Museum, Edinburgh, who 1ms kiudly furnished me with the 
weights. Further, Capt. Dollman, of the Natural History 
Museum, has been good enough to weigh for me the series 
of antlers exhibited there (No. 35 in the Tables) ; and I have 
found one or two other records (Nos. 36 and 37) in the paper 
of Dombrowski (1889). 

The weighings at Warnham were taken with a previously- 
tested spring balance. Sometimes points or larger pieces lmd 
been broken off the antlers in fighting. These have been roughly 
allowed for. When animals were killed, the antlers were often 
mounted on the stuffed head, or on the skull (without lower jaw). 
In the former case, the weight could not be obtained ; in the 
latter case, allowance has been made for the weight of the 
skull. This, in one case, in which the antlers were sawn off, 
was determined and found to be 3| lbs. According to skull- 
length, from 2 to 3^ lbs. have been allowed for sk nil- weigh t ; 
weights corrected thus are shown in brackets ( ). Many of 

the shed antlers had been mounted on light wooden shields. 
The weight of these was found to vary between 15 and 17 oz. : 
1 lb. has accordingly been allowed for them throughout. Series 
mounted on shields, whose weights have therefore been thus 
corrected, are marked with an 8. No allowance has been made 
for change of weight with lapse of years, sincejjso little is 
known on the subject. 

* Studies in Heterogouic Growth, No. 2. 

Pitoe* Zool. Soc. — 1926, No. LXVII. 
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The results have been tabulated in various ways. 

(1) Each individual antler- weight is recorded in Table I., 
according to the serial number of years of antler-growth : 
“ 1st year ” antlers means that pair of antlers whose shedding 
occurred when the beast was about 1| years old; and whose 

Text-figure 1. 

,*50 30ibs 



The growth-curves of antler-weight in 17 individual Warn barn Court stags. The 
weights in lbs. of the successive pairs of antlers are plotted logarithmically, 
the time is plotted arithmetically (each point indicating a year). The spacing 
of the various curves is merely for convenience; they are not arranged in 
any temporal or other sequence. The slope of the curve from point to point 
is thua directly proportional to the growth-rate (positive or negative) for 
that year. Arrows at the base of the curves indicate that the weight of 
the 1st pair of antlers is not plotted. In some cases this weight was not 
recorded : when the arrow crosses the base line, the weight wee recorded but 
was under 1 lb* 

Note the individual differences between stags— e.g. between G and E ; PA 
and QA ; F and K. Note the considerable fluctuations from the expected 
curve, which should bend over gradually, then become horizontal, and then 
descend. These fluctuations are noticeable both during the early years of 
rapid growth (HA, JA, 6th antlers ; M and HA, 4th antlers; I A, K, 
3rd antlers), where they appear as irregularities in the ascent of the curve ; 
and in more mature stags, in which actual regression followed by later 
increase may occur (E, F, G, K, etc.). Some beasts show much less varia- 
tion of this type than do others (e.g. A, B). The final regression before 
death may be very heavy ( e.g . G and especially E). 

growth began at about 8-10 months and continued till 13-15 
months. The percentage increment (or decrement) for the 
antler-weight of the current year over that of the previous 
year is also recorded* A graphic record of the annual growth 
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for a number of individual stags is given in text-fig. ]. The 
weights have here been plotted logarithmically, sfnce when 
this is done, the slope of the curve is directly proportional to 
the rate of growth, which can then be seen at a glance. 

The percentage increments can also be plotted against age 
(not here figured). Jt is then seen that there is a steady decline 
up to 5 or 6 years (after which time much irregularity obtains : 
this is doubtless mainly due to seasonal conditions or to disease- 
see later). 

No stag, of those with 10 or more years of antler-growth, 
attained its maximum antler-growth later than its 13th antler- 
pair or earlier than its 9th; the mean was 10*56, but the 
mode (6 out of 13) was 10th. All but 1 of the 11 specimens 
showed decrease of antler-weight in years later than that of 
the maximum. This one exception (V) was accidentally killed. 

In addition, two specimens (H and M) which only grew 9 pairs 
of antlers, showed a decline after reaching a maximum with 
their 7th and 8th pair respectively. 

The earliest years of antler-growth in which any stag’s antlers 
decline is the 3rd, in which LA shows a very slight decrease 

of 2 ozs. (0*7 per cent.). None of the 4fch sets of antlers 

show a decrease, though F and O show increases of only 3*1 
and 2*3 respectively. In the 5th year of antler-growth, 5 out 
of 34 specimens show decreases, up to 32' 9 per cent. In the 
6th year, 10 out of 29 do so; in the 7th, 5 out of 20; in 
the 8th, 7 out of 17; in the 9th, 4 out of 14; in the 10th, 

3 out of 12: in the 11th, 5 out of 9; in the 12th, 4 out of 

5 ; in the 13th, 1 out of 3 ; and in the 14th, 2 out of 2. 

The percentage of those showing decreases thus increases 
very regularly, as follows : — 

2nd 3rd 4th 5th 8th + 7th 8th + 9th 10th + lltli 12th 4 13th + 14th year of antler-growth. 

0 2’9 0 147 29 8 34*9 40’3 71*0 °/o °* antlers showing 

[decreases from previous year. 

It is very remarkable that No. 15 (R), who died of old age, 
showed so little regression in the last year of his life. 

At the bottom of Table I. are given almost the only facts I can 
find recorded as to the growth of stags in total weight — and they 
are only put forward as estimates. They were made by the 
late H. Evans for the weight of deer on his forest in Jura 
(see Evans, quoted by Cameron, 1923). It is clear, I think, 
that he was here and there in error, notably in regard to the 
increment from 1st to 2nd years, which certainly cannot be 
less than the 2nd to 3rd year increment. In my opinion 
the Ist-year weight is too high, and 60 lbs. would be nearer 
the mark (for further discussion see a subsequent paper in 
this series of studies, on the relation between body-weight 
and antler-weight in Red Deer), 
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Text-figure 2* 



To indicate the effects of season on antler-growth. The individual antler-series of 
89 Warnb&m Court stags (Nos. 1-33, Table 1.) have been grouped according 
to date of birth* When more than one animal has been born in one year, the 
mean for all born in that year has been taken. Downward-pointing arrows 
indicate marWt/‘ going back ” in antler-weight, due to old age or disease, the 
final weight wot being plotted : e.g. £, F, and G*f H. Sometimes when one 
of the stags born in the same year has regressed markedly before the other, 
the final years have not been plotted (<?. g> N + O after 1916). 

Ordinates, weight of antlers in lbs. ; absciss®, dates from 1893 to 192$. 
Note the Coincidence of diminutions or increases in growth-rate (in young 
animals) or in absolute weight (in mature stags) in particular years: 
e.g., depressions in 1924, 1922, 19H, 1906 ; favourable effects in 1923, 1921, 
1912, 1910, 1907, 1902. 
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The means of the weights ami the increments for each year- 
class have next been calculated, and the results are presented 
ia Table II. The first section (A) comprises the meaus for all 
of specimens 1 -33 ; the second (B) for all among these specimens 
whose antler- weights appear in two successive years ; and the 
third (C) for 11 specimens whose antler-weights are known for 
10 successive years. (B) is here taken as the best standard. 

Next, the material was classified according to date, as opposed 
to the previous classification by age only. The results are 
given graphically in text-fig. 2, where the means for nil the 
stags born in any one year are plotted. 


Text- fig ure 3. 



To indicate the effect of the year on antler-growth of 33 YVarnham "tags 
(Nos. 1-33, Table I.). ( 1 ) The percentage increment of each autlui -Height 
ovei that of the same stag in the previous 3 ear was found; ( 2 ) the per- 
centage deviation of this increment from the mean increment for all animals 
of the same age was next calculated ; (3) the mean of all the percentage 
deviations for each particular year was then tahen. These means are here 
plotted for the 3 eats from 1894 to 1925. The numbers of individual devia- 
tions for each year is given below the year : when there are less than 3 
deviations, dotted lines are employed. O 11 this method, 1923, 1912, 1907> 
and 191)2 (and probably 1895 — 1 specimen) emerge as very favourable years ; 
and 1921, 1911, 1908, 1900 as very unfavourable. 


In addition, the increments for each calendar year were 
examined, and the deviation of each from the mean increment 
of its age-group was found. This deviation was then calculated 
as a percentage of the mean increment. By adding together 
all these percentage deviations, a quantitative expression for 
the effect of the season on antler-growth can be obtained. If 
all or most of the deviations are markedly positive, the conditions 
must have been exceptionally favourable for antler-growth, and 
vice versd. These results are given in Table III* and plotted 
graphically in text-fig. 3. Dotted lines are used when only 
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three animals or less were available for the particular year. 
Mean percentage deviations of over —100 clearly indicate that 
a decrease instead of an increase in antler-weight occurred for 
that year. 

It will be seen at a glance that some years are highly 
favourable, others highly unfavourable to antler-growth. 1 do 
not pretend that the results have any claim to quantitative 
accuracy. A single very large deviation not due to season but 
to sickness or other cause might cancel out a number of small 
deviations which really represented the climatic effect of the 
season*. Deviations may perhaps tend to be larger for the 
very early or very late } ears than during the middle of growth 
(though this does not seem to be borne out by the table). I 
do not therefore attach much weight to mean deviations for 
the season of under 50 per cent. But in the years 1001 to 
1925 there are 6 deviations of from ±50 to 100 per cent., 
3 of ±100 to 195 per cent., and 3 of over ±195 per cent. 
Further, especially in the ease of these largest deviations, all 
or practically all of the individuals deviate in the same direction. 
In 1924, with a negative mean deviation of —200 per cent., 
only 1 out of 16 specimens had a plus deviation. In 1923. 
with a positive mean deviation of ±143 per cent., only 2 out 
of 18 were negative. In 1912, only 2 out of 12 were of opposite 
sign to the mean, in 1906 and 1907 one out of 5, in 1902 
none out of 4. 1923 and 1924 are years which to me are 

the most convincing, owing to the large number of specimens. 
Furthermore, before 1 started weighing the specimens, Captain 
Lucas told me that I should find 1923 a good and 1924 a very 
bad year. He prophecies now (early May, while the antlers 
are still half-grown; that 1926 will be a very good antler year. 
The unfavourable influence of 1924 is perhaps best seen by 
noting the effect on the younger stags. The mean percentage 
increment lor the five stags which had their 4th pair of antlers 
in 1924 was not much more than half the normal, while the 
mean of the five which grew their 5th pair in that jear showed 
an actual decrease in absolute antler-weight of about 6 per cent., 
as against the mean inclement for that year of ±18*1 per cent. 
Absolute decreases were also shown by those which had their 
6th and those which had their 7th pair in that year, — decreases 
of 1*5*5 per cent, and 23 per cent, respectively. Thus, as would 
be expected, the bad season does not cause a decrease in absolute 
antler-weight (as opposed to a negative deviation from the 
mean increment) while the animal and its antlers are still 
growing rapidly. An absolute decrease is first seen in the 
animal's 5th y^r ; in older animals it becomes progressively 
greater. 

Conversely, 1923 produced an absolute weight-increment of 
nearly 30 per cent, in a 10th year stag, as opposed to the 

* Note : — J®. g., specimen No. 84 became affected with hiug-diseane in 1921. 
Note its enormous decline in antler-weight in 1822. 
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mean increment of about 10 per cent., while in 5th and 6th 
year stags it increased the weight by nearly 45 per cent., as 
against the normal increments of 18 per cent, and 13 per cent, 
respectively. 

The favourable and unfavourable years, judging by all 
methods, appear to be as follows (moderately favourable or 
unfavourable in brackets) : — 

favourable 1895 (1 spec, only), 1902, (1904), 1907, 1910 

1912, 1921, 1923, (1925). 

unfavourable... (1903), 1906, 1908, 1911, (1919), (1922), 1924. 

As to what particular concatenation of circumstances brings 
about such notable effects on antler-growtli,— that question J 
propose to leave to the meteoiologists and physiologists Jn 
general, Captain Lucas believes that favourable circumstances 
are ( 1 ) An early rut, and therefore more time to recover 
before antler- growth is due to begin. (2) The accumulation of 
reserves of fat, etc., between the rut and the beginning of 
antler-growth. Good acorn and beech-mast yeais favour tins, 
as do also mild winters. (3) Itich feeding during the period 
of velvet, especially during its earlier part (April and May). 
At Warnliam, the condition of the grass is the determining 
factor. In 1924 the grass at this time was always soakeu with 
ram and the weather cold. In 1923 there was warm weather, 
with line periods alternating with showers. 

In a subsequent paper 1 propose to adduce evidence (based 
chiefly on the data of Dorn brow ski, 1889) that, on the average , 
antler-weight in lied Jitter is related to body weight according 
to the formula y = for*', which I have already shown (Huxley, 
1924) to hold good for the growth of the claws of Uca, the 
Fiddler-crab, where weight of organ (antlers), x = weight of 
body, and b and k are constants, k appears for antlers to be 
about 1*5. 

The evidence is conclusive that the relative antler-weight 
steadily rises with absolute body-size, from about 2*5 per cent, in 
stags of average (clean) body -weight of 80 kg., to about 
4*2 per cent, in those of 200 kg. body-weight. These are 
all from records of adult stags, shot by sportsmen ; but the 
evidence further indicates, though as yet (for lack of an 
equal body of data) not so conclusively, that the same relation, 
with the same values of 6 and k, holds good for young, rapidly - 
growing animals as well. 

If this is so, we must ask what is implied when the absolute 
antler-weight decreases from one year to the next ? This 
question is especially cogent in the case of young animals, 
such as that of the stags which were in their 5th, 6th, and 
7th years (and therefore would normally be still actively 
growing) in 1924. Was the absolute decrease in their antler- 
weight correlated with or produced by an absolute decrease in 
their body- weight ; or can antler- weight be absolutely decreased 
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’while bod)'- weight is only relatively decreased — t.e. merely shows 
less increment than normal ? It is at present impossible to 
answer this question. I can only express the hope that any 
one who may have the opportunity in zoological garden, park, 
or laboratory, of weighing deer and their shed antlers year 
by year, preferably under experimental conditions, will do so. 
It may be pointed out that since antler-growth is confined to 
a few months, only the total weight during and immediately 
preceding those months need be taken into account. Further, if 
I may express a mere opinion, 1 incline to the view that an 
absolute decrease in an tier- weight will only occur with an 
absolute decrease in body-weight, though naturally the latter 
will be relatively smaller. We know that a stag may lose 
5 to 10 per cent., possibly more, of its weight, during the few 
weeks of the rut : so that, even in a growing stag there would 
be nothiug improbable in a loss of 2 or 3 per cent., due to 
marked poorness of condition, in spite of an absolute increase 
in, e. g.y skeleton-weight. 

We already know the normal increments in antler-weight for 
the Warn ham %tags. When we know also the normal increments 
for body- weight ; and if further we determine that the same 
formula holds for the relation betw een antler- and body-weight 
throughout life: then we shall he able to calculate with reason- 
able accuracy, from the (lata for the stags which were in their 
4t.h, 5th, 6th and 7th years in 1924, what were their actual 
changes in body-weight in that year. 

Certain further facts are worth noting. Up to and including 
1904, the park at Warn ham was regularly treated with bone- 
meal or lime, one half of the park being treated one year, the 
other half the next. Since that time only basic slag has been 
applied. Bone-meal has again been applied this last year. 

Jt appears quite definite that antler-growth has been less 
since the lime was discontinued.* The specimens can he 
arranged by dates of birth into four groups — 1893-7, 1897-1903, 
1905-1908, and 1916-1920 (inclusive). The solitary specimen 
bom between 1909 and 1915 agrees pretty closely with the 
last group. When the mean antler-weight and increments 
for the tirst 6 years are calculated for each group, and also 
the maximum weight attained subsequent to 6 years in those 
which survive this age, the following results are obtained. 

The absolute weights for all the years after the 1st thus 
decline progressively with date. The behaviour of the maxima 
will not be clear until the more recently-born animals have 
grown older. 

The behaviour ^>f the increments is interesting. There is a 
decline in the later'period of the 2nd and 3rd year increments, but 
an increase of the 4th and 6th year increments, the 5th year’s being 

* In addition, it would appear that the earlier eerie* were more specially-selected, 
the later aerie#, especially No#. 24-38, giving a more average picture. That this is 
not the main cause of the falling off. however, is shown by the fact that the heat of 
the later years are far behind the heal and the medium of earlier years. 
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irregular. It would appear that exceptionally rapid growth 
early, though it will lead to absolutely larger antlers in the 3rd 
to 6th years, is partly compensated for by a slackening of growth 
later. Further data, however, would be needed to prove this 
poiut satisfactorily. 





Table A. 






1893-7. 

1897-03. 

1905-08. 

1916-20. 

No. of Specimens 

3 

6 

6 

17 


' 

Year 1st . 

13 

1*0 

1*3 

10 



2nd . 

5-1 

4*3 

3*2 

2*15 

Antler, 
weights - 
(lbs. oza.) 


3rd ... 

30-1 

70 

516 

413 


4th.. 

ir« 

9-5 

8*2 

7*1 



5th 

13*3 

11*4 

914 

8*0 



6th 

135 

31*14 

11*3 

9*10 ! 

Maximum sutler-weight > 
(lbs. & ozs.) ) 

15-14 

16-351 

1412 

- 



r 1st -2nd 

492 

372 

189 

194 

Annual 

Increments 

O 


2nd -3rd 

101-4 

80*3 

83*3 

63 9 

« 

3rd -4th 

14-3 

348 

41*1 

46*8 ' 

' 


4th-6tli 

13*5 

21*4 

23*7 

! 13*2 



. 5th~6th 

1*3 

8*3 

15*1 

20-3 


In conclusion there is one point 1 would like to emphasize. 
The “normal” succession of the number of points in red deer 
antlers is given in all the text-books as 2 — 4 — 6 — 8 — 10 — 12 
for the 1st to 6th antlers. From the facts at VVarnham, in 
numerous Zoos and other parks, and also from wild stags from 
various geographical areas, it is quite clear that this “ norm ” is 
a very shaky one. There are many deer foreNts wheie 10 points 
is the normal maximum ; even w r here 12 is the normal maximum, 
many individuals appear never to attain to more than 10 points. 
E, g. f Ernst R. von Dombrowski (1889) states that in .Baden 
only about 50 per cent, become 12-pointers in their 6th year, 
while only about 10 per cent, ever attain to 14 points ; also that 
in the foot-hills of the Vosges 10 points is frequently the 
maximum. Similar examples could also be adduced from Scotch 
forests. Per contra, in other conditions the succession may be 
much more rapid than “normal.” Dombrowski (L c.) states that 
the stags of Lower Austria in their 2nd year hai'dly ever show 
4 points and only rarely 6, 7 points being the commonest 
number; while 10 or 12 points instead of 6 are frequent in 3rd 
year stags. Similar conditions hold at Warn ham, but in even 



1030 


MR. J. S. HUXLEY ON THE ANNUAL INCREMENT 


more exaggerated form. One-year-old stags (“ prickets ”) fre- 
quently show 4 or 6 points instead of 2, while 9 and even 11 
have occurred ! Similarly, in the 2nd year 4 points are never 
seen. In a good year 40 per cent, will have 10 to 12 points ; 
and up to 16 points have been noted. 

If, as seems to be the case, the number of points is markedly 
(though of course not absolutely) correlated with the absolute 
antler-size ; and if, as also seems to be the case, absolute antler- 
size is an exponential function of absolute body-size (or possibly 
more accurately of the amount of reserves relative to absolute 
body-size during the period of antler-growth), these facts receive 
immediate explanation. The placid conditions of park existence 
probably permit a greater relative accumulation of reserves 
each year, especially in the young animals. In the wild, food 
conditions are again the prime factor. It would be of great 
interest to determine what is the normal succession of points 
in New Zealand stags, which, though descended from Scottish 
animals, may produce 20, 24 or even more points in place of 12 
or 14, the usual maximum of their ancestors. 

It is probable that point-number depends mainly on absolute 
antler-size, and that this in its turn is roughly an exponential 
function of body-weight. Physiologically, it is probable that it is 
determined chiefly by (a) absolute body-weight, and ( b ) relative 
amount of reserves. Hence annual succession of point-number 
depends on (a) rapidity of body-growth, and (6) conditions 
regulating the amount of reserves during the early period of 
antler-growth. 

The Tables can be made to yield one iurther point. If the 
sum of the deviations in Table 111. be added together for each 
beast (instead of for each year) and divided by the number of 
years for which there are records, the figure should give an 
indication of how much the beast’s performance as regards 
antler-production for its whole life is above or below the 
average. This is given in the last column but two of Table III. 

Again, I do not wish to attach too much importance to the 
actual quantitative results, especially in contrasting animals 
born at different times, and further when only a few years are 
available. However, it seems quite clear that marked differences 
between animals bora in the same year, and recorded for the same 
length of time, must be significant. A\ g., J A and MA are very 
good performers, PA a very pool* one, LA a poor one. Similarly 
animals with records for long series of years may be compared. 
W e then see that E, G, N, and R were good performers, O and 
P very good, while A, M, and Q were poor. Also AA appears 
good, BA aud QA poor. These individual differences may be 
partly due to disease, but probably are in the main determined 
genetically. In general, there are fewer minus deviations in the 
earlier years, confirming the results of Table A. This method 
might have advantages in deciding which stag in a park to 
retain for breeding if heavy horns were desired. 
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Table I. (pp. 1032-33). 

The weights (in lbs. and ozs. avoirdupois) of the series of shed antlers of 37 Red 
Deer— 34 from Warnham Court, Sussex, 1 from the British Museum, 2 from 
German stags (Dombrowski) ; also the average body-weight of Scottish (Jura) 
Red Deer in successive year* as estimated by H. Evans, 1st, 2nd, &c. year denotes 
1st, 2nd, &c. year of anth'r-yroicth. Weights in brackets have been arrived at 
by allowing for weight of sbull ( w ifchout lower jaw). The actual weights including 
skull are given in the last column. The last weight for No. 1 was as estimated by 
J. G. Millais. “ no wfc.” indicates that no weight is available, as the antlers are 
mounted on a stuffed head. The first pair of antlers of No*. 24-33 were not taken. 
Nos, 18-20 and 22-33 are still alive. A weight m thick type indicates that this is 
the maximum for an animal which is no longer alive. (S) indicates that all antlers 
of the series were mounted on wooden shields for which 1 lh. has been allowed 


Table II. (p. 1034). 

Mean annual growth of Antler* foi Warnlmm stags (obtained from Table I.) 


Table II J. (facing p. 1034). 

The antlei- growth of 31 Warnham stags, arranged by calendai jear*. The 
figures under each year indicate the percentage deuation (positive or negative) oi 
the stag's ant lei -weight, increment foi that year horn the average increment in 
ant lev- weight foi all stags ot the same age (as obtained from Table II.). b~.vcar oi 
bntii. There is no increment (or lather, it is infinite) for the 1st year after birth. 
** no vvt.” indicates that antlers were pi educed but could not bo weighed as the> 
were mounted on stuffed beads. When (as is usually the case) the mean inert went 
is positive, a negative individual deviation of >100 means an absolute decrease m 
antler-weight for that year. Similarly when (as for 11th, 12th, and 14th } ear* 
of antler-growth) the average increment for all the stags is negative, a positive 
individual deviation of >100 means an absolute increase m antler- weight. 

The last vertical columns give the numbei of years of antler-growth for which 
increment-figures are available; and the pertormance ot the individual animal as 
regards antler-growth, as indicated by the mean percentage deviation, from the 
average of all its annual increments of antler-growth. 

The last horizontal column but one gives the effect of the season on antler- 
growth, obtained by taking the mean of all the individual deviations for that 
calendar year. It will be seen that the mean seasonal deviation may be con- 
siderably larger than any mean individual deviation — up to +307 and down to —200 
tor season as against +131 and —87 for the individuals. The figures for No. 34, 
in the last horizontal column, arrived after the calculations had been made, aud it 
was not thought worth while to recalculate. 
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Table 1.-— Successive anfcler-weighti of 


! Serial 

Designation 

1st 

2nd 

8td 

4th 

6th 

6th 

7th 

8th 

1 Oth 

No. 

specimen. 

Year. 

Year. 

Year, 

Year. 

Year, 

Year. 

Year. 

Year. 

Year. 

1. 

i 

- 

— 

— 

— 



— 

— 

9*8 

12*8 

2.(8) 

A 

o-io 

64 

1P0 

12*2 

18*12 

13*4 

18*8 

14*6 

164 

8.(8) 

B 

1*8 

4'8 

10*0 

12*0 

32*8 

12*4 

16*8 

16*4 

no wt. 

4.(8) 

C 

i*b 

4*6 

8*12 

10*3 

13*4 

(14S) 




5.(8) 

E 

po 

8'8 

7*4 

9*0 

9*0 

10*0 

8*2 

12*12 

11*4 

8.(8) 

P 

012 

2*12 

8*0 

8*4 

0*4 

1P4 

11*4 

10*8 

12*12 

7.(8) 

G 

0*8 

4*12 

6*0 

9*8 

14*12 

12*12 

13*0 

16*8 

13*4 

8. (S) 

H 

1'9 

414 

6*16 

7*12 

014 

(11*0) 

... 



9.(8) 

K 

1*6 

6*0 

012 

1116 

13*6 

1312 

16*10 

13*6 

17*4 

10.(8) 

M 

20 

6*8 

7*8 

8*4 

10*4 

13*5 

13*7 

14*0 

(124) 

11. 

N 

1‘0 

3*2 

4*8 

8*0 

8*12 

14*2 

14*10 

148 

1616 

12. 

0 

1*2 

3*0 

5*0 

6*8 

8*10 

9*12 

12*7 

14*4 

14*7 

13. 

P 

PO 

3*4 

0*2 

0*8 

8*8 

8*0 

0*14 

10*4 

(180) 

14. 

Q 

012 

2*0 

515 

10*0 

0*14 

0*12 

11*8 

10*14 

1P9 

16. 

K 

Po 

213 

6*3 

10*11 

13*4 

12*2 

18*15 

1318 

14*8 

16. 

V 

014 

» 

5*0 

10*0 

1118 

10*8 

11*12 

12*12 

12*6 

17, 

AA 

1*4 

3*8 

0*6 

7*14 

10*4 

1P3 

(13*121 

— 


18. 

BA 

1*4 

30 

5*12 

8-4 

8*8 

11*12 

8*14 

9*8 


19. 

CA 

014 

2*4 

6*16 

8*0 

714 

1P8 

0*0 

8*0 


20. 

DA 

11 

2*4 

4*7 

0*3 ! 

7*0 

10*2 

7*8 

8*0 , 


21. 

EA 

010 i 

2*0 

4*9 

0-3 j 

130 

(101) ■ 

— 

1 


22. 

FA 

016i 

2*13 

3*13 

! 0*2 

11*2 

8*8 | 

814 



23. 

GA 

10 ; 

21 

4*12 

8*10 | 

10*4 

57 

10*3 



24. 

HA 

_ i 

2*12 

39 

7*16 

7*3 

! 8*3 




26. 

1A 

- 1 

3*4 

4*0 

6*12 

7*0 

8*0 ; 




26. 

JA 

— 

2*12 

411 

8‘J5 

6*0 

015 1 




27. 

KA 

— 

2*7 

3*15 

8*4 

7*4 

0*1 ! 




28. 

LA 

— 

3*J0 

8*8 

7*3 : 

7*7 

. 713 J 




29. 

MA 

— 

3*8 

6*4 

515 : 

7*7 

; 

»<* 



30. 

NA 

— 

3*0 

6*9 

6*7 

8*5 

i 




31. 

OA 

- 

3*4 

41 

61 i 

7*0 

— 1 




32. 

PA 

- 

5*0 

5*13 

6*10 1 

(6-7) 

— 




33. 

QA 

- 

2*10 

412 

7*8 | 

7*14 | 

— 


... , 


34. 

Edin 

012 

3*12 

6*0 

8*0 

012 

104 

7*4 

i 

no wt. 


36. 

B.M 

0*6$ 

PS 

114 

318* 

610* 

0*9 

7*14 j 

8*2 

9*8$ 

36. 

Dl 

n ) 

tt + 1 ; 

»+2 

»+8 

»+ 4 

i 




16*6 

1710) 

17*10 

17*10 

13*3 

— ! 

j 


> 

37. 

D4 

13*8*! 

- ' 

1p*7 

11*0 

13*8 

C became J 
( abnormal 1 

i 

1 

j 

Body-weight (lbs.) of male Bed Deer, dura 

(H. Evans) (estimated) ■ 




Weignt 

84 

98 

120 

164 

176 

166 | 

203 j 

210 

217 

% increase ... 


(10-8) 

(28*6) 

(22*2) 

(13*0) 

(mo j 

(8*6) j 

(3*4) 

(8*8) 


# Captured i» snow the winter previous. 


37 Bed Deer (Cerrns tlaphw), 




11th 

Year. 

12th 

Year. 

18th 

Year. 

j Actual weights 
14th | of skull + 
Year, i antlers (without 
! lower jaw). 

Notes. 

i#o 1 

170 

188 

(W4) i 

Shot, going back. 

no wt. 



J 

! 1 

Shot, very little sign of going back. 





Shot, going back. 

... 


1 ! 

.. 1 17*12 

Accidentally killed. 

(7-0) 


i • 

0*4 

Serious lung-disease. 

m 

(9‘8) 

1 

j 12*0 


(1*4) 


i 

| 1 15*4 


... 



14*8 

Killed in fight with another stag. 


( 10 * 10 ) 

17*8 (iro) 


Poor condition after eating 

poisonous plants. 


10*12 16*5 


Died of old age. 

Broke its back. 

Killed m fight with another stag. 
Still alive. 

Still alive. 

Still alive. 

Shot, because going back badly. 


J-Still alive. 


9*4* 9*7 i 714 ! (8*2) 


j w 

1 284 

288 

j (*•) J 

| w) 

(1*7) 




Table II. 

Mean Annual Growth of Antlers for Warnham Stags (obtained from Table I.). 
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Summary. 


1. The weights of the successive pairs of antlers of 37 Red Deer, 

34 from the Warnham Court herd, are recorded. 33 series 
are recorded for the first time. 

2. The mean annual increments in antler-weight for the 

Warnham Court herd are as follows : (a) for all specimens 
for which data exist for 2 successive years ; (b) for 
specimens for which data exist for 10 or more successive 


-6th 

8-5 % 
7 7o 


years : — 
Year 

.. lst-2nd 

“3rd 

-4th 

-5 th 

(«> 

231 

72 

38 

18 


276 

74-5 

40 

19 


After the 6th year the mean increments oscillate consider- 
ably, from -f 10 to —15 per cent. 

3. The season has a great influence on an tier- weight. In some 

seasons (e. g. 1924) practically all specimens produced very 
poor antlers, the percentage deviation from the mean of 
all antler- weight increments for that year being —200 per 
cent. ; while other seasons are very favourable, e. g. 1923, 
in which the corresponding deviation of weight-increments 
was + 143 per cent. 

4. The unfavourable conditions of 1924 caused a marked absolute 

decrease in antler-weight in 7th-year stags, a less marked 
decrease in 6th -year stags, and a slight absolute decrease in 
5th-year stags. In 4th-year stags, however, though the 
growth was very much reduced, there was an absolute 
increase of antler-weight. 

5. Since 1900, when the treatment of the park at Warnham 

with lime was discontinued, the rapidity of antler-growth 
has not been so great. 

6. The conditions affecting antler-growth are discussed. 

7. A method is given fbr estimating quantitatively the average 

performance of individual stags with regard to antler- 
production. 

8. The number of points in 1st growth antlers at Warnham is 

frequently 4 instead of 2. and 9- and 1 2-pointers have been 
seen. Correspondingly high numl>ers for 2nd and 3rd year 
heads are recorded. 
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53. The External Characters of Thylacinus , Sarcophilus , 
and some related Marsupials. By R. I. Pocock, 
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Introduction. 

Considerable attention Las been paid to the structure of the 
hind feet and marsupium in many of the genera of Polyprotodont 
Marsupials, but such organs as the rhinarium and ears have been 
comparatively neglected. Owing, moreover, to the rarity of 
Thylacinus and to its large size, which makes preservation of 
the entire body in alcohol a difficult matter, the feet and other 
external parts have in a great measure escaped detailed description 
and illustration. Anatomists fortunate enough to secure fresh 
material from zoological gardens paid attention mainly to the 
muscles or other internal organs. What is true of Thylacinus 
is true also to a great extent of Sarcophilus ; and I am not aware 
of any records of the examination of the external characters of 
Dasyurus maculatus, the largest of the genus, in a fresh state 
or preserved in alcohol. 

Between 1904 and 1914 I examined in the Society’s Pro- 
sectorium an adult male and female of Thylacinus , several adults 
of both sexes of Sarcophilus, and one adult female of Dasyurus 
maculatus; and this paper is based primarily upon my notes and 
Pboo. Zool. Soc. — 1926, No# LXVIIX, 68 
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sketches taken from these specimens, supplemented by similar 
data yielded by examples of JDasyurus viverrimis , the most 
commonly imported of all the Australian Polyprotodonts. For 
information regarding the external characters of the two re- 
maining species of Australian Dasyures, D. geoffroyi and 
hallucatus , and of the genera JDasyttroides , Dasycercus (= Chceto - 
cercus), Phascogale , Sminthopsis, Antechinomys , and Myi'imcobiuSt 
I have had recourse to the spirit-preserved material in the 
British Museum. 

One of the main purposes I had in view in undertaking this 
research was to ascertain if the external characters of Thyladnus 
justify the opinion that this genus is unrelated to the Dasyuridae, 
or at most remotely related to them, its kinship lying with the 
extinct South. American Sparrasodont Marsupials as maintained 
by Bensley, Osborn, Gregory, and others. 

The Head and its Organs. 

* The Faded Vibrissas, 

In 1914 (Proc. Zool. Soc. p. 891) I briefly described the 
facial vibrissie of a few Poly pro todont Marsupials, including 

Text-figure 24. 



Bide view of bead of Thylacinut, showing the facial vibrissa. 


Thyladnus, Setreophilus, and Dasyurus, and pointed out the 
invariable occurrence in the forms examined of the mystacial, 
superciliary, gen&l, and intemmal tufts. 
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In Thylacinut (text-fig. 24, p. 1038), as stated, the vibrissas are 
relatively shorter, finer, and fewer than in the other types 
examined ; hut they vary in length individually, being sometimes 
longer than in the example described and figured in 1914. 
Nevertheless they are relatively much shorter and actually much 
fewer in this genus than in the smaller Australian Polyprotodonts, 
and show an adaptive approximation to the vibrissa? of the 
Canidae, except that in the latter there are always two genal 
tufts of each cheek, one set high above the other. To my 
previous description it may be added that the lower lip is 
Provided 011 each side with a well-developed series of submental 
vibrissas, one of which is longer than the others. 

1 -H*® reduction in number and length of the vibriss® in 
1 hi/ Inch ms is to he explained, probably in connection with 


Text-figure 25. 



its mode of life, as a cursorial predatory marsupial which captures 
its prey to a great extent by speed of foot in the open and not 
by stealthy creeping through thickets or in crannies of rocks, 
where the tactile sense of the vibriss® would be especially useful.’ 
Sarcophilus shows a great contrast to Thylaoinua in the larger 
number andlengthof the mystaciaJ, genal, and interramal vibrisste. 
The genal tuft is particularly well developed, the numerous 
vibriss®, a dozen or more, rising often from a nearly naked 
subcircular area of skin, most of them being so long that their 
tips reach back well beyond the ear and lie alongside the fore 
part of the neok. The myatacials are correspondingly long and, 
like the genals, are comparatively rigid and frequently sinuous 
in this course. (Text-fig. 25.) 

From the subjoined figure of the head of Da»yuru» maculatus it 

68 * 
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may be seen that the vibriss® are similar to those of Sarcophilus? 
and in all the genera and species of Dasyuridte examined 1 found 
the tufts of vibrissas constant in occurrence and position, the only 
variations being in the number and length of the bristles. By 
way of illustration I have figured those of Antechinomys spenceri . 
(Text-fig. 32, A, p. 1048.) 


Text-figure 26. 



A. Side view of head of Dasyurus maculatus t showing the facial vibriss® and 

the ear with the valvular supratragus lowered. 

B. Base of ear of the same with the supratragus raised. 

C. Bhinarium of the same from the front. 

D. The same from above. 


In Myrmecobius , however, some differences are noticeable. 
The mystacial vibriss® are greatly reduced in number and length, 
as is always the case in anteating mammals ; and the sides of the 
muzzle and the lips aner n early naked. There are two short and 
slender superciliary bristles ; but the genal tuft, rising from a 
small tubercle, is more in evidence, and consists of some half- 
dozen bristles of moderate length. The interramal tuft is 
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altogether suppressed— a unique feature in the Australian Poly- 
protodonts. (Text-fig. 32, B, p. 1048.) 

The Bhinaritm. 

The Rhinarium in Thylacinue is large, coriaceous, entirely naked, 
and sometimes projects prominently beyond the edge of the upper 
lip, towards which its anterior surface then recedes downwards 
and backwards. Viewed from above, its upper surface is about 
one-fourth wider than long, its anterior edge is lightly emarginate, 
its posterior edge ill-defined from the integument behind it, its 
lateral edges behind the nostrils are convex, and only a small area 
of the nostrils is exposed. In profile view the nostrils are large 
and open outwards and forwards. Viewed from the front it is 
about as wide as high, but the inferior third of it is constricted to 


Text-figure 27. 



A. Rhinarium of Thi/lacinut from the front. 

B. The game from above. 

C. The game of Sarcophilu * from the front. 

form a very definite philtrum about as wide as high with nearly 
vertical sides defined by the hair of the upper lip. This philtrum 
is marked by a pair of vertical parallel grooves, one on each side 
of the middle line, which do not ascend as high as the nostrils. 
The upper edge is strongly convex from side to side, and the 
intern&ri&i space is wide and marked by a median vertical groove, 
which does not reach the summit of the upper surface above 
and ceases below on a level with the upper ends of the grooves 
of the philtrum. There is a tolerably deep infranarial area on 
each side. (Text-fig. 27, A, B). 
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In Sarcophilm the rhinarium is large and naked as in l'hylacmus f 
but is somewhat different in shape. Seen from the anterior 
aspect, it is wider as compared with its height, being flatter along 
its upper edge and having a shorter philtrum. The median 
groove does not extend above so high as the upper edge of the 
nostrils, but interiorly it reaches to the lower edge of the 
philtrum, being deep and wide at its lower end. As in Thylacinu8 r 
the philtrum is marked with a pair of grooves, in addition to the 


Text-figure 28. 





A* Rhinarium of P fiasco gale penicillata from tho front. 

B. The «u«e of P. lorentzi. 

C. The Kamo from above. 

I). The same from the aide. 

E. The same of P. wallacei from the front,. 

F. The same from the side. 

G. The same of Antechinomye tpenceri from the front. 

H. -The same of Dasycercun. 

I. The same of iHdelphy* marsupialis azara. 


median groove, but instead of being erect and parallel, they 
diverge as they pass upwards, running parallel to the adjacent 
outer edge of the philtrum and of the area of the rhinarium 
above it. The infranarial portion of the rhinarium is defined 
in front by a faint groove. Seen from above the anterior edge 
is nearly straight from sidfe to side, is lightly convex, not mesially 
emarginaie as in ThykeinUg. (Text-fig. 27, 0, p. 1041.) 

In Dasyurus mactdatu* the rhinarium is Tery similar to that 
of Sareophilus in shape and is similarly grooved (text-fig. 26, A, O, 
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p. 1040) ; and the 8am© may b© said of D. viverrinus , geoffroyi r 
and hattucatus, of which there are specimens in the Natural 
History Museum preserved in alcohol. 

In Phascogale* the rhinarium is variable. In some of the 
species, such as P, wallacei and P. thorbeckiana , the philtrum, 
although short, is broad, and its deep median groove is continued 
upwards to the summit of the anterior face of the rhinarium and 
its lateral grooves, parallel with the median groove and the 
lateral margins of the philtrum, diverge above and extend al most- 
up to the nostrils. In P. penicillata the anterior face of the 
rhinarium is also grooved throughout, but inferiorly on th© 
philtrum it bifurcates, defining a median triangular wedge, very 
much as in some specimens of Sarcophilus . The lateral grooves 
are very short, faint, and incomplete. In P . lorentzi the philtrum 
is almost obliterated. The median groove extends to the edge 
of the lip, but on each side of it the remains of the philtrum are 
very obscurely indicated. The partial suppression of the philtrum,. 
foreshadowed in jP. lorentzi , and possibly in other species of the 
genus, is repeated further in Antechinomys spenceri , which has 
a particularly shrew-like snout, the rhinarium having a mesially 
sulcate philtrum without lateral grooves. 

In the genera Dasyuroides , Dasyc evens ( Chcelocercus), and 
Sminthopsis there is nothing particular to note about the 
rhinarium, which shows a close resemblance to that of the other 
Australian genera mentioned above ; and it may be recorded in 
passing that the rhinarium of Didelphys marsupialis differs only 
in minor details from that of Sarcophilus or Dasyurus. And since 
the Didelphyida? were doubtless the primitive stock which gave 
rise to the Dasyuridte, the type of rhinarium seen in Dasyurus 
and ISarcophilus may be safely regarded as the most primitive 
type in the family to which they belong, the aberrant rhinaria of 
Thylacinu8 y of some species of Phascogale and of A ntechinomys 
being comparatively simple modifications of that type. (Text- 
fig. 28, A-I, p. 1042.) 

In the only example of Myrmecobius available for examination 
the rhinarium is distorted by crushing and its details obscured. 
But so far as can be seen, it does not differ essentially from that 
of the Dasyuridte. 

The Ear . 

The ear in Thylacinus is moderately large ; its height ex- 
ceeds its antero- posterior width and it is attached to the head 
by a broad base. Its anterior edge is lightly convex up to the 
somewhat narrowed apex, and from the apex to its inferior point 
of attachment the margin is more strongly but less regularly 
convex. Nowhere is the edge overfolded, and when the ear i& 
expanded and flattened there is a large laminate area above and 

* More detailed study than has as yet been possible of the rhinarium, ears, end 
ether external characters of the numerous species assigned to this genus will 
probably yield interesting results of some systematic importance. 
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behind the cavity and a narrower but conspicuous area in front 
of the upper end of the cavity. The cavity is deep. Its upper 
portion carries a well-developed, valvular supratragus (plica 
principalis of Boas). This is normally directed downwards and 
outwards* and is more or less folded, or bent, on itself. Below 
and in front of this there is a strong, sharp-edged, upstanding, 
crescentically-curved ridge which forms the boundary of the upper 
portion of the cavity and, curving downwards below the level 
of the supratragus, ceases in an obliquely cut away edge. This 
ridge forms the upper margin of a perfectly smooth, antero- 
posteriorly elongated area which is bordered below by a thickened 

Text-figure 29. 



Ear of Thylaoinu* expanded with the supratragus raised. «. The anterior 
ridge ; ap. the anterior passage which is capable of being closed by the 
raising of the ridge b against a ; c. ridge strengthening the border of 
the inferior passage or cleft in front of the auditory orifice. 

ridge ending in a clavate expansion below the posterior end of 
the upper ridge and at the upper anterior end of the cartilaginous 
wall which hounds in front the lower portion of the ear-cavity. 
The two ridges above described (text-fig. 29 f , a and b) are 
fringed with hairs overlapping the smooth area which, running 
between the two grooves and opening posteriorly into the cavity 
of the ear and anteriorly to the exterior, acts probably as a 
passage for sound. It may be called the anterior passage (ap). 
The lower portion of the ear-cavity is deep, and forms exteriorly 
a long, vertical cleft capable of being expanded or contracted to 
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a narrow slit by the separation or juxtaposition of its anterior 
and posterior walls. The anterior wall is strengthened below by 
a short, thick, cartilaginous crest (c) lying on the lower part 
of a naked area of skin which extends in front of the cleft and 


Text-figure 30. 



A. Ear of Dasyura* geojfroyi. 

B. The game of D. viwrrinus. 

C. The game of 1). hallucatus . 

D. The same of Sarcophiha. 

Lettering of B and 1) as in text-fig. 20. 

is bounded above by the clavate ridge (b). The auditory orifice 
opens at the bottom of the cleft, just within its anterior margin. 
Tne posterior edge of the cleft seems to represent the antitragal 
ridge of the ear of higher mammals, the bottom of the cleft the 
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intertragal notch and the anterior wall, or perhaps only its lower 
portion, the tragal thickening. 

The cavity of the ear is capable of being closed by the folding 
down of the suprafcragns, by the narrowing of the anterior passage 
by the downward movement of the upper ridge (a) on to the lower 
ridge (ft), by the juxtaposition of the anterior and posterior walls 
of the cleft, and by the folding of the laminate portion of the 
pinna along lines represented by grooves running backwards from 
the cavity. (Text-fig. 29, p # 1044.) 

The ear of other genera of Diusyuridtt resembles in all essentials 
that of Tkylacinus . In Sarcophilus the laminate areas above and 
behind the cavity are relatively a little more extensive ; ridge a 
is developed into a semicircular valvular flap, supplementing the 
twisted supratragal flap in closing the cavity ; ridge ft is thicker 
throughout its length and not markedly clavate posteriorly; and 
the tragal ridge (t) is continued upwards along the anterior edge 
of the inferior cleft to terminate behind the posterior end of 
ridge ft and beneath the posterior end of ridge a, and is defined 
throughout its length in front by a tolerably deep groove. 
(Text-fig. 30, D, p, 1045.) 

In the species of Dasyurus there are some interesting variations 
in the ear. The inferior laminate portion behind the inferior 
cleft is much narrower than in Sarcophilus , narrower even than 
in Tkylacinus. In D . viverrinus * ridge a is sinuously folded and 
attached by a strand to the floor of the anterior passage ; ridge ft 
is narrow and posteriorly is continued inferiorly to a point on a 
level with the lower margin of the inferior cleft, leaving a wide 
naked space between it and the ridge defining the inferior cleft 
in front. (Text-fig. 30, B, p. 1045.) 

The ear of jD. maculatus seems to be like that of D. viverrinus. 
(Text-fig. 26, A, B, p, 1040). 

In Z>. haUucatus ridge a is more evenly concave, like that pf 
Thylacinus . Ridge ft is thicker than in D. viverrinus and sharply 
curved at its posterior end, but does not extend so for inferiorly ; 
the anterior ridge of the inferior cleft is legs well defined below 
and the supratragus is large to compensate possibly for the 
emargination of ridge ft. (Text-fig. 30, C, p. 1045.) 

In D, geojfroyi ridge a is lobate and is not tied by a strand to 
the anterior passage, and ridge ft is very narrow where it curves 
inferiorly behind. In these respects it shows resemblance to the 
ear of SarcophUm. (Text-fig. 30, A, p. 1045.) 

In JDasyuroide* byrnei the ear is in essential details like that of 
D. viverrinus, but the inferior end of ridge ft curves backwards 
below and fuses with the ridge defining the anterior border 
of the inferior cleft (text-fig. 31, D, p. 1047). In Dasycercu* 
cristimuda the ear is very similar to that of Dasyuroides, 
showing differences of onlyminor importance. 

• The greater length of the inferior portion of the ear shown in my picture of 
that organ in this species is possibly due to the figure having been drawn frozn'a 
•pint specimen from which the skull had been extracted. 
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In Fhaaoogale the ear is similar to that of the genera and 
species above described, but it exhibits specific variations calling 
for further study. In Ph, penicillata ridge a is without marked 
lobate expansion, the supratragus is folded as in Dasyurus 
and Thylacinua, and ridge b is expanded and laminate. In 
Ph . mmutissima the anterior edge of the pinna is more over- 
folded, the supratragus is not folded, and ridge b descends 
inferiorly. (Text-fig. 31. A, B.) 

In Phascogale lorentzi the supratragus also forms a tolerably 
large, nearly semicircular flap, which is flat and unfolded and 


Text-figuie 31. 



A. Ear of Phascogale penicillata. 

B. The same of P. minutissima . 

C. The same of P. lorentsi. 

D. The same of Daayuroides hyrnei. 

Lettering: of A as in text-fig. 29. 

has an evenly convex free margin. Bidge a has no marked 
lobate expansion, its edge being lightly concave as in D , hallucatus , 
and, as in that species, ridge b curves downwards in front of the 
inferior cleft, without forming quite so pronounced a crest. The 
laminate portion of the pinna behind the inferior cleft is expanded 
as in Surcophilus, 

I have not examined the ears of all the species referred] to 
Phaecogcde ; but that of Ph, calura, described and figured^ by 
Boas*, resembles tolerably closely that of Ph, lorentzi (text- 
fig. 31, 0), 

• Die Ohrknorpel etc. p.44, pi. xviii. fig. lti (1912). 
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The ear of Sminthopsis is also of a similar type, as is shown, 
although somewhat obscurely, by Thomas's* figure of the ear 
of S. Imcopus. 

The more specialized genus Antechinomys also retains a typically 
Dasyurine ear. In A . openceri it is relatively very much larger than 


Text-figure 32. 



A. Side view of bead of Antechinomys epenctri showing the facial vibrissa* 

and the ear expanded. 

B. The smile of Myrmacobiua faaciatua. 

C. Bar of the same on a larger scale. 

in the genera and species previously described. Ridge a is long 
and has a tolerably deeply concave edge ; the supratragus is large, 
hooked and folded; ridge &\has a sigmoid curvature, its posterior 
end curving downwards over the naked area as in Fhascogale 
lorentzi and Dasyurus hrdlucatus, but its anterior end similarly 
• Cat. of Marsnpialf, pi* xxiii. fig. $ (1888). 
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bends upwards, bordering the anterior passage, and there is a 
small vertical cartilaginous ridge descending from the outer 
surface of ridge a to the floor of the anterior passage as in 
Dasyurue hallucatus. The naked area in front of the inferior 
cleft is large and the laminate area behind the cleft is expanded. 
(Text-fig. 32, A, p. 1048.) 

In Myrmecobius the ear differs in some points from that of 
the genera above described, and is less complex in type. It is 
long and narrowed to a point at the summit. Ridge a is long, 
with an evenly concave free edge ; the supratragus is tolerably 
large and valvular, unfolded with a strongly convex free margin 
almost as in Phascogah lorentzi ; but ridge b and the anterior 
passage are practically suppressed, there is scarcely a trace of the 
naked area in front of the inferior cleft, the hairs spreading up to 
the tragal ridge, the antitragal lobe is bluntly rectangular, there 
is no definite laminate expansion behind it, but just within its 
upper edge there is a little pocket-like depression. (Text-fig. 32, 
B, C, p. 1048.) 


The Feet. 

The feet of Thylacinus have often been likened to those of 
dogs. The resemblance is superficial only. In the dog’s feet, 
digits 2 to 4 are united to the proximal end of the digital pads by 
webs with a thickened margin of elastic tissue which tends to 
hold the digits together and to strengthen the foot for swift 
running. The plantar pad is smaller, differently shaped and 
deeply emarginate behind, and the sole is hairy up to its margins. 
In the fore foot the ulnar carpal pad is an isolated excrescence 
surrounded by hair, and the first digit (pollex) is set high above 
the second. In the hind foot there is no trace of metatarsal pads, 
the whole metatarsal area being covered with liair. 

As may be seen in the living animal and as shown by Scott’s 
figure of the imprint of the foot (Proo. Zool. Soc. 1872, p. 355), 
Thylacinus is digitigrade, the feet resting upon the anterior part 
of the plantar pad and the digital pads, with the carpal and 
metatarsal pads raised from the ground. The plantar and digital 
pads are thickly covered with fine pointed papillae. 

The Fore Foot. 

In the fore foot of Thylacinus the digits are short, naked beneath, 
anti free from webbing almost as far as the plantar pad. The 
digital pads are well defined and tolerably regularly oval in shape, 
and the area of the under side of the digits behind them in the 
case of digits 2 to 4 is about equal to the length of the pads. The 
claws are moderately long, strong, blunt, and but little curved. 
Digits 1, 2, 3, and 4 are tolerably evenly spaced, digit 1 being closer 
to digit 2 than in typical digitigrade Carnivora. The plantar pad 
is large, thick, soft, and cushion-like. Its distal margin is 
trilobed, the median lobe being the largest and projecting 




A. Right fore foot of Thj/lacin ut from below with the digits spread, 

B. The same of another specimen with the digits not spread. 

C. The same from the inner side. 


prominently beyond the later^s. The surface of the pad is im- 
pressed, at least in its proximal half, with faint grooves marking 
the divisional lines between its conhuent elements. The pollical 
lobe is distinguishable, but is fused to the rest of the pad. The 
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skin ftll round the pad is naked, and appears to be glandular in 
the crease between the pad and digits 2 to 4. Immediately behind 
the pad there is a tolerably long area of naked skin gradually 
narrowing proximally to the carpal pad and marking the joint in 
the sole between the plantar and the carpal pad. The latter, 
representing the ulnar carpal element alone, lies nearly directly 
behind the middle of the plantar pad and is long and narrow, 
rather more than twice as long as wide. Its distal end is 


Text -figure 34. 



A. Bight fore foot of Sarcophilus from below with the digits spread. 

B. The same with the digits not spread, 

C. The same from the inner side. 


-elevated and conical, and its proximal end is defined by a 
transverse furrow. The lower side of the earp&l region of the 
foot is covered with hair up to the margins of the carpal pad. 
The carpal vibrissa are suppressed. (Text-fig. 33, p. 1050.) 

1 1n Sarcophilus the forefoot is not specialized for digitigrade 
gait, at least the whole of the plantar pad resting on the ground ; 
>and the integument of the pads instead of being finely papillate 
is covered with rather coarse squamous tessellation. Digits 2 to 4 
are arranged and spaced as in Thylacinus, but are relatively 
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longer, less hairy, and have longer, sharper claws. Digit I, 
however, is very much longer, showing no trace of the abbreviation 
so noticeable in Thylacinus , and it is entirely naked on its outer 
(preaxial) surface. The plantar pad is less cushion-like, but is 
rather wider as compared with the width of the foot and 
with its own length. Its main portion is more distinctly 
trilobed, the lateral lobes projecting more prominently at 
the sides than in Thylacinus ; and the pollical lobe, in accord- 
ance with the better-developed 1st digit, is very distinctly 
defined, but it lies entirely upon the proximal side of the inner 
of the three main elements of the plantar pad. It is noticeable 
that each of these four elements constituting the plantar pad 
carries a larger submedian scale, marking the central points of 
the primitive interdigital pads before their fusion to form the 
composite pad. The joint between the carpal and plantar pads 
is a deep, transverse, narrow groove, so that even when the foot 
is extended the carpal and plantar pads are separated only to a 
comparatively small extent, not to a considerable extent as in 
Thylacinus . 

The naked carpal area is as broad distally as the plantar pad 
and longer, not narrower and shorter as in Thylacinus . 
Proxiraally it is narrowed on the inner (preaxial or pollical) 
side of the foot by the encroachment of hair from the carpus ; 
but there is no similar encroachment on the outer (postaxial) 
side as there is in Thylacinus , its outer edge extending to the 
margin of the foot. It is incompletely divided into three areas, 
two distal, the carpal pads, adjoining the plantar pad and 
separated by a median longitudinal posteriorly -abbreviated sulcus, 
and a proximal defined from the outer carpal pad by a trans- 
verse, internally-abbreviated sulcus running inwards from the 
outer margin and representing the groove on the carpal pad 
of Thylacinus ; but this outer (postaxial or ulnar) element of 
the naked carpal area lies on the outer side of the foot, not in 
the middle line as in Thylacinus . The two carpal elements of 
this area have a larger scale differentiated from the squamous 
tessellation, as in the case of the four elements of the plantar pad. 
The carpal vibrissas are represented by a tuft of long hairs rising 
just on the proximal side of the termination of the naked carpal 
area. (Text-fig. 34, p. 1051.) 

The fore foot of Dasyurus viverrinus # (text-fig. 38, A, p. 1059) 
resembles in* essentials that of Sarcophilus ; but there is a 
small weakly-striated area at the tip of the digital pads; the 
external surface of the first digit is not naked, and the four 
elements of the plantar pad are much mor# sharply defined 
by complete grooves arid the pollical element is relatively larger, 
approximately as large indeed as the rest. As in Sarcophilus, 
there is a long and wide Baked area extending back to embrace 
the pisiform prominence, almost reaching the carpal vibrissas. 

* Figured by Wood-.Tones, apparently from a dried akin ('The Mammals of 
S. Australia/ i. p. 90, 1928). 



CHARACTERS OF THYLACINUS, SAKCOPHILUS, ETC. 1053 

The fore foot of 1). geoffroyi is similar to that of D. viverrinus , 
but the area behind or on the proximal side of the carpal 
pads is shorter and narrower, more triangular, and does not reach 
the pisiform prominence. (Text-fig. 35, C.) The fore foot of 


Text-figure 35. 



£ 


A. Bight fore foot of Dasyuru* maculatu * from below with the digits 

spread. 

B. Tip of digit of the same showing the striated area and the granu- 

lation behind the pad, for comparison with text-fig. 38, E. 

C. Bight fore foot of I), geoffroyi from below with digits spread. 

D. The same of D. hallueatve . 

E. The same of Phaseogale lorentzi. 

F. The same of Myrmecobive. 

D. macxdatus is like that of D. viverrinus and geoffroyi , except 
that the striated area on the digital pads is larger and more 
completely striate, and that the lobes of the plantar pad and 
the carpal pads are provided each with a large very definite 
Pboc. Zool. Soc. — 1926, No* LX1X, 69 
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striated area, the area on the outer or ulnar carpal pad being 
crescentieally curved or horseshoe-shaped. As in jD. viverrinus, 
the naked area behind the carpal pad extends proximal ly almost 
to the carpal vibrissfB. (Text-fig. 35, A, B, p. 1053.) 

Dasyurus hallucatus has a fore foot like that of D . maculatus , 
except that the entire lower side of the digital pads is striated, 
transversely at the apex, as in D . maculaiuSt and longitudinally 
behind, and also in the pairing and large size of the tubercles 
on the under side of the digits behind the digital pads (text- 
fig. 35, D, p. 1053). 

2). albopunctatus , of which I have only seen dried skins, seems 
to have a foot similar to those of D . maculatus and geoffroyi . 

In Phascogale the fore foot resembles tolerably closely in general 
form and proportion those of 1). maculatus and hallucatus , having 
striated areas on the pads ; but the four elements of the plantar 
pad are more primitive in disposition in that they do not 
coalesce to the same extent to constitute a large continuous 
plantar pad. The posterior part of the sole, moreover, is 
relatively shorter and wider, and not so markedly narrowed 
by encroachment of hairs from the wrist on the inner or 
preaxial side. Typically both the carpal pads are retained and 
represented by striated areas, that of the inner pad being 
almost always horseshoe-shaped as in D. maculatus and hallucatus , 
although sometimes it is merely hooked at the end and some- 
times (Ph. lorentzi) simply oval, as shown in the figure (text- 
fig. 35, E, p. 1053). Hence in these species there are six distinct 
pads on the sole ; but in a few species, e, g. Ph. stvainsoni 
and minima , as noticed by Thomas, the inner carpal is not 
distinct *. 

In Dasyuroides byrnei the fore foot is generally similar to 
that of Dasyurus , but the sculpturing is relatively coarser, and 
the median areas of the pads are large and very finely striolate. 
The foot of Dasycercus cristicauda has small, oval, smooth 
central areas on the plantar and carpal pads, but otherwise 
•differs in no essential respects from that of Dasyuroides. In 
both of these genera the central area of the external carpal 
pad is like the rest, and not hooked or crescentieally curved. 

The fore foot of Sminthopsis shows no features of special 
interest, being very like that of Phascogale , even in the retention 
of the horseshoe-shaped striated carpal area, at least in some 
species ; but that of Antechinomys spenceri is elongated, especially 
in the carpal region, there being a long naked or nearly naked 
tract behind the outer carpal pad running back to the origin 
of the carpal vibrissse, which are very long. The inner carpal pad 
is suppressed, and so also is the pollical lobe of the plantar pad in 
the specimen examined. Thus the plantar pad is three-lobed, 

* Thomas in hit Catalogue described the pollical pad as divided when the inner 
carpal pad is present, and as undivided when it is absent. The inner carpal pad is, 
however, a distinct element from the pollical lobe of the plantar pad. Wood- Jones's 
figure of the fore foot of Pk.flavipu clearly shows the horseshoe-shaped striated 
area on the external carpal pad. 
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and each lobe, like the single carpal pad, carries a small smooth 
circular area. (Text-fig. 39, A, p. 1061.) 

Assuming the fore foot of Phascogale to represent the primitive 
type amongst the Australian Polyprotodonts, the fore feet of 
Dasyurus maculatus and hall neat us are easily derivable from 
it. From the latter can be derived the type of fore foot 
found in Dasyurus geoffroyi and D. viverrinus , and from the 
latter it is but a step to the fore foot of Sarcophilus. The 
fore feet of Dasyuroides and Dasycercus have no doubt had an 
origin similar to that of 1). viverrinus and D. geoffroyi in 
accordance with the adoption of terrestrial habits, and the fore 
foot of Antechinomys is a modification of that of Sminthopsis, 
which is itself derived from the foot of Phascogale . 

From the foregoing descriptions it ma} T be seen that the 
fore foot of Thylacinm differs from that of the other genera 
discussed in the following points : — 

(1) The pads are thickly covered with fine pointed papillae 
instead of with coarsely granular or squamous tessellation. 

(2) Digits 2 to 5 are relatively a little shorter and have 
blunter, less compressed claws. 

(3) The pollex is much shorter and the poliical lobe of the 

plantar pad is not so clearly distinguishable. 

(4) There is a longer membranous space between the plantar 

pad and the carpal pad. 

(5) The naked carpal area is reduced by the encroachment 

of hairs on each side from the wrist, and is represented 
only by the posfcaxial (ulnar or outer) element of that 
area : and this lies nearly in the middle of the lower 
surface of the foot, not on its outer half. 

(6) The carpal vibriss® are absent. 

All these differences appear to he associated witli the digitigrade 
#ait of Thylacinus ; hut the reduction of the poliical lobe of 
the plantar pad and the fusion of its remaining three lobes are 
foreshadowed in ,$a?'C 02 )hilus , and the constriction of the naked 
carpal area is foreshadowed in Dasyurus. A utechiuomys, a 
digitigrade type, also shows suppression of the poliical lobe of 
the plantar pad and of the internal carpal pad and constriction 
of the proximal naked carpal area similar to that of Thylacinus . 

Myrmecohius has a very different type of fore foot from 
that of any of the genera described above. As in them it 
is pentadactyle, but the 1st digit or pollex is quite short 
and separated by a long space from the 2nd. The 2nd, 3rd, 
and 4th are close together, equally spaced, and set in a straight 
transverse line, and the 3rd digit is slightly shorter than the 
2nd or 4th, which are subequal. The 5th digit is about as 
large as the 4th, but is separated from it by a much longer 
space than the 4th is from the 3rd, end rises from the outer 
side of the foot nearly on a level with the pollex on the 
inner side* The claws on digits 2 to 4 are long and fossorial. 

69 * 
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The skin of the pads and sole is smooth and wrinkled, not 
roughened. At the base of digits 2 to 4 there is a single 
transversely oblong thickened pad resulting from the fusion 
and expansion of the two interdigital pads, the summits of 
which persist as a pair of rounded discs. The two remaining 
interdigital pads are quite distinct and lie respectively opposite 
the angle between digit 1 and digit 5 respectively, the 
pollical element being a little behind the level of the other. 
Behind the pollical pad there is a naked carpal area narrowing 
proximally and carrying near its extremity a single rounded 
carpal pad, set near the middle of the foot and representing 
the inner (ulnar or postaxial) carpal element. (Text- fig. 35, F, 
p. 1053.) 

Thus the fore foot of Myrmecohins differs much more from 
the Dasyurine type of fore foot than does that of Thylacinus- 
In the Dasyurine foot, and in Thylacinus , digits 2 to 5 are 
subequally spaced and digit 3 is slightly longer than digit 2, 
the converse being the case in Myrmecohins . 


The Hind Foot . 

The hind foot of 'Thylacinus in the nakedness of the lower 
sides of the digits, the absence of webbing, and the development 
of the plantar pad resembles the fore foot ; but digit 1 is 
entirely suppressed, digits 2 to 5 are a little longer, and form 
a straighter line proximally where they project beyond the 
distal margin of the plantar pad, which is less strongly curved. 
This pad is obscurely divided into three elements, at all events 
proximally by grooves, and its posterior margin is irregularly 
trilobate. Like the plantar pad of the fore foot, it is almost 
as wide as the foot. 

The tarso-metatarsal area is naked at least along the middle 
line up to the tip of the hock or caleaneum ; but this naked 
area is very irregular in shape. Its outer, postaxial or fibular, 
margin is sinuous from the plantar pad to the hock ; its inner, 
preaxial, edge forms a well-marked convex bulge almost reaching 
the margin of the lower side of the foot, and between this 
and the hock there is an edge exhibiting a deep and long 
emargination. There is no definite trace of pads on this 
naked tarso-metatarsal area, and its narrowness and irregularity 
of outline result from the encroachment of hairs from the sides 
of the foot on to its lower surface. (Text-fig. 36, p. 1057.) 

In Sarcophilus * the hind foot, in accordance with the general 
reduction in size of the hind as compared with the fore quarters 
in this animal, is smaller as compared with the fore foot than in 
Thylacinus or any other Polyprotodonts, and its granulation is 
coarser and more squamae than in Thylacinus, but in the length 
and disposition of the digits, the absence of the hallux and 
the thick obscurely divided plantar pad it is very similar to 


• An indifferent figure of the hind foot of t young example of this species wee. 
published byBensley (Tr. Linn. Boo. (2), ix. 1903). 
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that of Thylaeinm. The plantar pad, however, is relatively 
wider and is not narrowed behind, its posterior border being 
nearly straight; and the metatarsal area is entirely Bake r 
the hair only encroaching upon it posteriorly on the mnet 
side of the calcaneum. It exhibits a longish wide inner pa 
reaching almost from the plantar pad to the hairy patch by 
the heel, and a shorter but equally wide outer prtd separatee 
from the inner pad by a narrow space, (Text-tig. 37, A.) 

In Dasyttrns viverrinus the hind foot * resembles in genera 
features that of Sarcophilus , but is longer and thinner, indicating 
an animal with much greater activity, and ha* the three lobes 


Text-figure 37. 



A. Right hind foot of Sarcophilus from below with the digits spread 

B. The same of Qa&ynru* maculatus. 


of the plantar pad sharply defined by two proximally convergent 
grooves and the digital pads tipped with a email transrersely- 
etriated area. Similar areas are present on the digital pads 
in ail the species of Daeyurus ; but Z). viverrinus is the only 
species of the genus resembling Thyladnus and Sarcophilus in 
the suppression of the hallux. (Text-fig, 38 B, p. 1059.) 

In D. geoffroyi the hind foott resembles that of i). viverrinus 
and of Sarcophilus in the uniform squamous granulation of its 
lower surface ; but differ^ in the retention of the hallux, which 
is situated near the middle of the inner edge of the sole a 
considerable distance away from the plantar pad. There is* 

* Figured by Waterhouse, Bentley, and Wood •Jones, 
f Figured by Thomas. 




A. Right fore foot of Dasyurus viverrinu*. 

B. Right hind foot of the same. 

C. The same of D. geoffroyi. 

D. The same of 1). haUucatu «. 

E. Tip of digit of same showing striation of pad and paired scales behind it to 

compare with text-fig. 36, B. 

F. Right hind foot of Phasccgale lorentzi. 

however, no hallucal pad. The metatarsal pads are not SO' 
well defined as in D . viverrinu*, and on the outer side there 
is a marked encroachment of hair on the sole, not so extensive 
as in Thytacinu* but similar. (Text-fig. 38, C.) 

In D. maculalua the hind foot is stouter than in D. viverrinus 
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and geoffroyi and, as in the latter, the hallux is retained ; but 
it rises considerably closer to the plantar pad, and has a striated 
digital pad and a well developed hallucal pad marked with a 
long and conspicuous striated area, which may or may not 
be confluent with a longer but similar striated area on the 
metatarsal pad behind it. Similar long and conspicuous striated 
areas are present upon the external metatarsal pad and upon 
the three well-defined elements of the plantar pad. In the 
specimen of this species examined in a fresh state it was 
noticeable that the 2nd and 5th digits were a little thicker 
than the 3rd and 4tli. (Text-fig. 37, B, p. 1058.) 

I), hallucatus has a liind foot* like that of D. maculatus ; 
but it is shorter and broader and has usually rather longer, 
more conspicuous striated areas on the pads. The digital pads, 
for example, are entirely covered with striae, the area not 
being restricted to their tips The metatarsal pads are indi- 
vidually variable in length, the inner being sometimes confluent 
with the hallucal pad, sometimes separated from it. (Text- 
fig. 38, D, E, p. 1059.) 

Of I), albopunctatus I have only seen dried skins ; but the hind 
foot, as is known, resembles that of D. maculatus and hallucatus 
in possessing striated areas, although the striae are less conspicuous 
and sometimes only visible in certain lights. 

The hind foot of the other genera may he briefly dismissed. 

In Dasyuroides t the foot is long, the hallux and metatarsal 
pads are suppressed, and the hairs invade the metatarsal area 
on both sides, reducing the naked squamous area even more 
so than in Thylacinus ; and each of the three well-defined, but 
confluent, elements of the plantar pad has a large, conspicuous, 
elongated, smooth area representing the much smaller areas 
observable sometimes, at all events, in Dasyurus geoffroyi and 
I), viverrinns and the elongated striated areas of D. maculatus 
and D. hallucatus. 

In Dasycerus ( Chmtocercus ) cristicaudat the foot is shorter 
than in Dasyuroides and retains the hallux, which is set some 
distance from the plantar pad, as in Dasyurus geoffroyi , and, 
as in that species, the hallucal pad is absent and the metatarsal 
pads are scarcely traceable on the sole, which is as naked as in 
D. geoffroyi. The three well-defined elements of the plantar 
pad have smallish oval central areas as in Dasyuroides , but 
these are striated as in Dasyurus hallucatus. 

In Phascogale, with its numerous species, the hind foot§ varies 

* Figured by Hensley. 

f Figured by Hensley nnd Hons (Biol. Meddel. (1), 8, 1018). 

? Figured by Hensley and Wood-done*. 

Hie feet of Ph. Wallace* and jfcniciltata were figured by* Thomas ; of P.flaeipes 
by Wood- Jones. The foot figured by Boas as that of a Phascogale has no. trace of 
ballucal or metatarsal pads, and tbe three lobes of the plantar pad are provided 
with small, smooth, circular areas, thus differing from the foot of the species of 
Phascogale, as now understood. Possibly it represents tbe foot of Dasgcsrcus 
oristicavda. which was formerly assigned to Phascogale* 
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in the length of the sole and of the digits and in the develop- 
ment of the pads; but except that the three elements of the 
plantar pad are more distinctly separated, a primitive character, 
I oan find no other definable difference between the foot of this 
genus as now admitted and that of Dasyurus hallucatus. (Text- 
fig. 38, F, p. 1059.) 

In Sminthopsh the foot* is also variable in length and pad 


Text-figure 39. 



C B. 

A. Right fore foot, of Antechinomys apenceri. 

B. Right hind foot of the same. 

C. The same of Myrmecobtua, 

development ; but it apparently differs from that of Phascogale in 
the suppression of the metatarsal pads. The hallucal pad may 
be retained {leucopus, murina) or lost (crassica udata ). The foot 
is also longer and thinner than in Phascogale , and the metatarsus 
in some cases is more or less covered with hair. 

In AnUchinomys the hind foot t is remarkable for the extreme 

• That of 5. foucopui, murina , and erattieaudah > was figured by Thomas, and of 
araaaioaudata by W ood- J cues, 
f Figured by Thomas, Boas, and Wood -Jones. 
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elongation of the metataml area, which is also overgrown with 
convergent streams of hairs down to the plantar pad ; for the 
confluence of the three elements of the plantar pad to form a 
single small heart-shaped pad, which however retains, at all 
events sometimes, three, small, smooth, circular areas ; and for 
the compression of the digital pads. The digits, however, are 
evenly spaced and have exactly the same symmetrical arrange- 
ment as m Tht/lacinm , Dasyurus, and the other genera previously 
discussed. (Text-fig. 69, B, p. 1061.) 

The modifications are of the hind foot in Aniechinomys fore- 
shadowed in a measure in Sminthopsu ; but a glance at the 
figures will show that the foot differs more from the foot of 
e. g. Da&yurm viverrinus than does the hind foot of Thylaciaus. 
So far, indeed, as the hind foot is concerned, there is nothing to 
warrant the dissociation of Thylacinus from the Dasyuridie. 

The hind foot of MyrmecMvs * differs in some important 
respects from that of the Polvprotodonts hitherto noticed. 
Digits 2 to 5 are not arranged symmetrically in an evenly curved 
line outside the distal margin of the plantar pad. Digit 2 is 
set a little higher up the foot and farther away from digit 3, 
which is paired with digit 4 ; and digit 5 is still farther up the 
foot than digit 2 and farther from digit 4 than digit 2 is fiom 
digit 3. Digit 1, the hallux, is suppressed. The pads also are 
different. The median interdigital is enlarged and separated 
from the lateral interdigitals. The internal lateral interdigital 
is, however, close to it, while the external, the smallest of the 
three, is more remote. They are irregularly rounded, and each 
carries a small smooth cential area. The metatarsal area is not 
granulated, but smooth, naked, and wrinkled, and on its inner 
side it carries an oval pad, similar to the three separated elements 
of the plantar pad. This is probably, I think, the inner meta- 
tarsal pad, and not the retained hallucnl element of the plantar 
pad. (Text-fig. 39, 0, p. 1061.) 

Thus in the arrangement of the digits and the disposition of its 
pads the foot of Myrmecobiua differs from that of all the other 
Australian Polyprotodonts. 

Thera remain to be noticed some points connected with the 
retention or suppression of the hallux in the Australian Poly- 
protodonts. When retained it is always small and clawless, 
and can be of little service in grasping. Its size suggests the 
derivation of Phascogale , admittedly a primitive type of this 
group of Marsupials, from some mainly terrestrial stock of 
Didelphyidse, like Peramye , and not from is scansorial stock 
like Didelphys , in which the hallux is large and powerful. In 
that case the arboreal species of Dasyuridse have secondarily 
acquired that mode of life. 

In most cases the retention of the hallux is associated with 

* Figured by Thomas, Bets, and Wood4or.es, 
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the presence of conspicuously-striated, elongated areas on the 
metatarsal, carpal, and plantar pads, and with the retention also 
of the hallucai pad, which has a similar area. It is generally 
admitted that the Dasyuridm with feet oh this type are more 
arboreal on the whole than those with the central areas feebly 
striated or unatriated and reduced in size or absent. 

In the more terrestrial or wholly terrestrial species the modifi- 
cations of the foot take the direction of (1) suppression of the 
stria), leaving the area smooth ; (2) suppression ot* the area itself ; 
(3) reduction or suppression of the metatarsal pads; (4) extension 
of the hair from the sides to cover, partly or rarely wholly, the 
metatarsal area ; (5) suppression of ohe hallucai pad ; (6) shiftiug of 
the hallux up the foot away from the plantar pad ; (7) suppression 
of the hallux ; (8) fusion of the three lobes of the plantar pad. 
The hind foot which exhibits these modifications in the highest 
degree is that of Antechinomys . 


The Pouch. 

(a) The Pouch in the Males . 

The presence of a pouch, lodging the scrotum, in Tkylacinm 
whs recorded by Owen and subsequently by Beddard *, who 
observed it in a young specimen that died in the Gardens. It 
was well developed also in the adult male that died in Sept. 1914; 
and since the figure published by Beddard is difficult to reconcile 
with his description, which is accurate, a new figure and description 
may be useful. (Text-fig. 40, p. 1064.) 

The integumental area from which the scrotum was suspended 
was naked, and insunk to form a tolerably deep cup-like depression 
defined anteriorly and laterally by a flap of skin higher in front 
than at the sides and gradually vanishing behind towards the 
middle line, so that the pouch was incomplete posteriorly and 
might be described as opening downwards and backwards. The 
tips of the hairs all round the pouch were directed towards it, 
those in front pointing backwards, those at the sides inwards, 
and those behind forwards. In the figure published by Beddard 
all the hairs point in the same direction, and the base of the tail, 
or what appears to have been intended for the base of the tail, is 
drawn above the broader end of the pouch, which, according to 
Beddard’s description, is its anterior portion. The tail and the 
hair, indeed, in this figure appear to have been added to it from 
the artist’s imagination, and not copied from the actual specimen. 

Males of other genera of Australian Poly pro todonts exhibit a 
similar naked area round the attachment of the scrotum, but in no 
case that came under my notice was this area sufficiently depressed 
to be describable as a pouch ; and from the observations of others 

• Pros. Zool. Soc. 1801, pp. 138-140, text-fig. 1. This paper also contains 
references to previous records of the discovery of rudimentary poaches in the males 
of Marsupials. 
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it appears that the scrotal pouch in this sex is better developed 
In foetal or young individuals than in older specimens. 

Thylaoinus thus seems to differ from the other genera of 
Polyprotodont Marsupials in retaining a well-developed scrotal 
pouch throughout life. It is also the only polyprotodont which 
is digitigrade; and the two phenomena are, in my opinion, asso- 
ciated* The digitigrade feet have been acquired for the purpose 
of speed ; and the function of the scrotal pouch is to prevent the 
violent swinging of the scrotum which would take place if there 
was no restraint upon its movement when the Thylacine was 


Text-figure 40. 



Anal and genital area of male Thy1acinu$ showing the 
scrotal pouch and the extended penis. 


in swift pursuit of its prey. That injury to the testes might 
result from this swinging is suggested by the length and 
slenderiVess of the stalk-like proximal portion of the scrotum 
by which the globular, testicular distal portion is suspended 
from the abdomen. 

Although in Thylacinu# the scrotal pouch both in structure 
and position recalls the mammary pouch of the female, it is 
doubtful, in my opinion, if the tWo can be regarded as 
homologous structures, as some authors hold. For in a male 
Azara’s Opossum (Didelphys marmjnaUs uzurm) which died in 
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the Gardens in July 1914, 1 found a tolerably well -developed 
pouch in the middle of the lower surface of the abdomen, 
considerably in advance of the scrotum, entirely dissociated 
from it and occupying the same position as the mammary pouch 


Text-figure 41 . 



B. 


A. Pouch of Dasyurus maculatus without young. 

B. The samo of Sarcophilus. 

C. Anal and genital area of abnormal male Didelphys marsupial is azara, 

showing glandular pouch in front of scrotum. 

of the female of this species. This pouch was composed of two 
lightly-curved longitudinal flaps of skin separated in front and 
behind and forming the lateral borders of an ellipitical area 
scantily clothed with short yellow hairs, which, like the hairs all 
round the flaps, were covered with brown waxy secretion. The 
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condition observed suggested that this pouch was an active 
glandular scent organ, functionally similar to the median 
pectoral gland of Myrmecobius and Petaurus breviceps. The 
possibility that such a glandular structure was the origin of 
the marsupium is perhaps worth bearing in mind (text- 
flg. 41, C, p. 1065). 

(b) The Pouch in the Females . 

The pouch of the female Thylacine was described by Owen as 
opening backwards and possessing four mammae. The adult 

Text-figure 42. 




m 
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Pouch m.d mammary area of Thylacinus. 

female I examined agreed with the one seen by Owen. The 
pouch consisted of a nearly circular * area of naked skin bordered 
in front and at the sides with a rather shallow upstanding flap of 
skin with a strongly crescentic curvature. The flap became 
gradually shallower posterity on each side, ultimately blending 
with the abdominal integument, the points of origin being tolerably 

It must be remembered, however, that the shape of the pouch varies in this and 
other Marsupial! in accordance with the stretching of the integument laterally or 
antero-posterioriy. 
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widely separated in the middle line. The four mammae were 
symmetrically arranged in pairs, the two on each side being 
tolerably close together but widely separated from the corre- 
sponding mammae of the opposite side, the anterior being farther 
apart than the posterior. The hairs on the abdomen surrounding 
the pouch were directed towards it, as in the case of the male ; 
and between the pouch and the cloacal orifice the points of the 
hairs were directed inwards towards the middle line, leaving a 
narrow strip of naked skin forming an ill -defined passage between 
that orifice and the mammary area (text-fig. 42, p. 1066). 

In SarcophiluSf as in Thylacinus, the mammary area is sur- 
rounded in front and laterally by a crescentic or horseshoe-shaped 
flap of skin ; but this flap is relatively deeper and approximately 
the same depth at the sides and in front except at the posterior 
end, where it fades away into the abdominal integument. The 
space circumscribed by the flap is hairy, and in the two examples 
examined there were two pairs of mammae as in Thylacinus 
-(text-fig. 41, B, ]>. 1065). 

A similar pouch was observed in an adult female of Dasyurus 
macidalus ; but in this animal there were three pairs of mamma* 
arranged in two rows obliquely converging towards the posterior 
entrance to the pouch. 

Thus in these three species a well-developed, or moderately 
well-developed, pouch, defective posteriorly and with its orifice 
opening downwards and backwards, is present when there are 
no young to make use of it. It is not acquired at the period of 
lactation; and, so far as 1 am aware, there are no observations 
suggesting that it becomes enlarged at that period. 

In Dasyurus viverrinus , however, the pouch, as observed by 
others, is, or at all events may be, developed periodically to 
accommodate the young. In one specimen of this species 
examined in the Prosectorium there was no trace of the pouch, 
the mammary area consisting of an elliptical tract covered with 
short hairs and carrying three pairs of conical teats, set in two 
longitudinal rows, the whole being surrounded by a fringe of long 
rust-coloured hairs. But in an example in the British Museum 
the pouch containing young is well developed and of nearly equal 
depth all round, and formed by a circular flap of skin overgrown 
with long hairs overlapping the orifice, which opens directly 
downwards (text-fig. 43, D, E, p. 1068). 

A pouch very similar to the last- described was present in an 
adult female of D . geojfroyi , but in this animal there were no 
young in the pouch ; and since the conical shape of the teats did 
not suggest * that young had been removod from it, it appears 
that in D. geoffroyi as in D. maculatus, Sarcophilns , and Thylacinus 
the pouch is permanently retained. (Text-fig. 43, 0, p. 1068.) 

In a specimen of D. hallncatus, with newly-born young, the 

* The tea t» ot th marsupials are broad at the, base and pointed spirally when 
not in "mm i but during Inctatiou they are slender and elongated, with a slightly 
vtcpaodod tip to fit into the mouth of the young sud give it a secure hold. 
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pouch was circular as in B. vimmnus and gfioffiroyi, but shallower 
behind than in front and in an example without young, there 
was no trace of a pouch. (Text-fig. 43, A, B.) 

It may be noted that in B, macvlatus the pouch differs from 


Text-figure 43. 



A. Poach of Datyurus halluoatug with two young. 

B. Mammary area of the same without young. 

C. Pouch of D. geoffroyi without young. 

D. Mammary area of D. viverrinut without young. 

E. Pouch of the same with young. 

that of D. virerrinvs, geoffroyi, and hattucatits in being defective 
and widely open behind 

In Baayuroides bymei, according to Baldwin Spencer *, the 
pouch, carrying six teats, is very slightly developed with two low 

* Report of the Hem Exped. to Central Australia. Mammalia, p. $7. 
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lateral folds. In an example of this species in the British Museum 
the oval mammary area is scantily hairy and surrounded by long 
hairs, but shows no definite trace of marginal flaps of skin. 
The six teats are large and conical and arranged in two slightly 
converging longitudinal rows. The entire mammary area 
resembles tolerably closely that of the example of Dasyurm 


Text-figure 44. 



A. Pouch and mammary area of Pkaacogale minutisaima. 

B. The same of Ph. dortalit, 

C. The same of PhAorentei . 

1). The same of Ph. thorbeckiana , 

E. The same of Ph. flavipes. 

viverrinm without a pouch, described above. (Text-fig. 45, B, 
p. 1072.) 

In Daeynercus cri8ticauda y according to Baldwin Spencer 
(op. eit. p. 22), the pouch, in which the teats may be 4, 6, or 
8 in number, opens vertically downwards and has moderately 
developed lateral folds. Although Baldwin Spencer had females 
with and without young, he did not describe any variation in the 
Pnoo. Zool. Soo.-— 1926, No. LXX. 70 
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development of the pouch ; but, according to Wood- Jones, the 
pouch in the quiescent state is practically obsolete; and this 
statement is borne out by an adult female in the British Museum, 
in which the tolerably elliptical mammary area, carrying six teats 
in two slightly convergent rows and depressed in two grooves, is 
not defined by marginal ridges of skin, but merely by the longer 
hairs of the abdominal surface. The area is continued back to 
the cloacal aperture by a naked strip of skin. (Text-fig. 45, 0, 
p. 1072.) 

In Phascogale y as is well known, the pouch is variable. In 
descriptive works it is usually dismissed as rudimentary, or 
obsolete, and at most represented by low folds of skin. There 
are, however, some interesting points connected with it. 

As Thomas pointed out, it attains its greatest development in 
1\ minutissima , one of the smallest representatives of the 
genus. In this species, indeed, it is relatively large and very 
similar to the pouch of Sarcophilus or Thyladnus , consisting of a 
crescentically-curved flap of skin, almost encircling the wide and 
long mammary area. It is deep in front, and becomes gradually 
shallower laterally and posteriorly and is defective in the middle 
line behind. It is relatively larger than in Sarcophilus and 
ThylacinuSy and further differs in being set farther back so that 
the passage into it from behind is close to the cloacal orifice. 
Since this is the condition observed in a specimen without young, 
it seems that the pouch is a permanent feature in this species, 
to this specimen there are seven teats, four on one side, three on 
the other, the series being arranged in an irregular transverse 
ellipse (text-fig. 44, A, p. 1069). 

In P. lorentzi the pouch is nearly as well developed as in 
P. minutissima, and tolerably similar to it except that it is smaller 
in the middle line than at the sides in front, less defective behind 
and more forward in position, the passage to it being farther 
from the cloacal aperture, with which it is connected by a longish 
narrow tract of naked skin. The example of this species 
examined was without young, and the teats were four in number 
(text-fig. 44, 0, p. 1069), 

A very similar pouch is present in an example of P. dorsalis 
without young and with only two pairs of large teats arranged as 
in Sarcophilus and Thyladnus. In this species also there is a 
smooth tract of skin passing from the cloacal aperture forwards 
to the posterior passage to the pouch. (Text-fig. 44, B, p. 1069.) 

In a female of P. thorbeckiana, without young and with three 
pairs of large teats arranged in two posteriorly convergent rows, 
the pouch is represented by two thick lateral ridges of skin, each 
as long as and close to the adjacent line of teats. Thus the 
mammary area, which 1 , is thickly hairy, is widely open in front 
and narrowly open behind, and the posterior passage to it, 
which is tolerably close to the cloacal aperture, is connected 
therewith by a naked tract of skin. (Text-fig. 44, D, p. 1069.) 
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In a specimen of P . swainsoni , without young, the mammary 
area forms a wide heart-shaped scantily hairy tract entirely 
surrounded by a very slightly raised ridge of skin but sharply 
defined by the longer abdominal hairs round it. There are five 
teats on its right side and four on the lefr, somewhat irregularly 
arranged, but forming two lightly-curved posteriorly convergent 
series. (Text-fig. 45, A, p. 1072.) 

In two specimens of i\ Jlavipes , with young, the mammary 
area is a large conspicuous tract of nearly naked skin, but there 
is no definite pouch, the edges of the area being merely slightly 
raised. There are eight teats irregularly arranged, but they 
present the peculiarity of being raised upon a pair of irregularly 
oval eminences separated in the middle line and set on the 
posterior half of the mammary area, which extends backwards 
almost as far as the cloacal orifice. (Text-fig. 44, E, p. 1060.) 

Finally, in five specimens of P . unicolor the whole abdominal 
region is uniformly covered with hairs, there being no mammary 
area defined by the character of its hairs and no trace of a pouch. 
The mammary area appears to be indicated by a small patch 
lying close to the cloacal orifice and marked by glandular 
secretion adhering to the base of the hairs that cover it. 

In this genus, therefore, there is extreme variation in the 
development of the mammary area, of the teats, and of the pouch, 
some species like P. rninutisaima having the pouch as well 
developed and the mammary area as well defined as in any 
Polyprotodont Marsupial ; whereas in P. unicolor there is no 
trace of a pouch or of differentiated mammary area, the abdomen 
being uniformly covered like that of an ordinary placental 
mammal. 

In Sminthopsisy according to Thomas, the pouch is well 
developed. This statement was confirmed by Wood-Jones in 
connection with 8. murina and crassicaudata . 

A female of S. ci-assicaudata in the British Museum has a 
very remarkable pouch, unlike that of any Marsupial I have 
seen. The raised edges of the mammary area, instead of 
inclining inwards over the area, diverge all round it, so that 
the flaps form an area wider at its free edge than along its 
line of attachment to the abdomen. This pouch, therefore, 
is not insunk, but stands away from the abdomen and may 
be described as saucer-like. The edge, however, is broadly 
lobate and foliate, the whole structure recalling superfically 
the expanded petals of a flower. Moreover, the anterior 
portion of the pouch is separated from the larger posterior 
portion by a low irregularly-curved ridge of skin which in 
the middle line forms a forwardly-directed angular loop 
which, with a notch in the anterior edge of the pouch, 
divides the anterior compartment into a right and left portion. 
The posterior compartment is also partially divided by a lower, 
thinner, median sinuous longitudinal ridge. There are eight 

70 * 
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teats asymmetrically arranged. Two on the right side are 
set in front of the transverse ridge and two behind it, whereas 
on the left there is one in front of it, one just behind its 
outer end, and two in an obliquely longitudinal line. The 
pouch is no doubt partitioned for the accommodation of the 
young. It would be of interest to ascertain if the pouch of 
S. mnrina is similar to that of S. crassicaudata. (Text-fig. 45, 1).) 


Text-figure 45. 



A. Mammary area of Phascogalc etcainsoni, 

B. The same of Dasyuroidee byrmi, 

C. The same of Da syce reus cristi cauda. 

D. Pouch of Sminthopeis craesicaudata . 

E. The same of Antechinomys spenceH, 

Antechinomys is usually stated to have no pouch. Baldwin 
Spencer confirms KrefiVs assertion of its absence in A. Ictniger, 
saying there is no trace of a pouch, no folds of any kind 
being distinguishable^ and the whole mammary area is thickly 
covered with hair. Of A . epenceri, Wood -Jones says the 
pouch is entirely absent and that the nipples, six in number, are 
arranged in a circle. But in an example of this species in 
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the British Museum the pouch, which carries no young, is 
well developed and consists of a crescentic flap of skin en- 
circling the mammary area in front and laterally, its narrowed 
posterior ends being tolerably far apart so that there is a 
wide passage into it, lying some distance in advance of the 
cloacal orifice. This pouch is very like that of Sarcophilus or 
Thylacinus ; and it is interesting to note that this little 
Marsupial, which hops like a Kangaroo, has not acquired the 
forwardly-opening pouch as in that animal, but retains the 
primitive backwardly-opening pouch characteristic of the cursorial 
polyprofcodonts. The teats in this specimen are six in number, 
arranged symmetrically in pairs and forming two posteriorly 
convergent straight lines. (Text-fig. 45, E, p. 1072.) 

Old and New Views of the Affinities of 

TllYLACINCS AND M YKMECOtilUS. 

Judging from modern text- books and memoirs, two considerably 
divergent views regarding the systematic position of Thylacinus 
are prevalent. For the old view adopted by most European 
writers, it is needless to go farther back than Thomas’s 
Catalogue of the Marsupials, 1888. In this the Polyprotodont 
Marsupials are classified as follows : — 

Polyprotodontia. 

Fam. P E It A M E LID as (Pe royal e, Permnelex, Char opus). 

Finn. Das yu rid as. 

Subfam. Pas^umnas ( Thylucin us, Sarcophilus, Dotty urns , 
Phascogale . etc.). 

Subfam. M yrmecobijnas ( Myrmecobius ). 

Fam. Djldelfiiyid ae ( Didelphys , Chironectes). 

The subsequent addition of a few genein, including Xotoryctes , 
the representative of another family, does not a fleet the question 
at issue. This classification clearly expresses the opinion that 
Thylacinus is essentially one with the rest of the Australian 
Dasyurities, the differences between it and Sarcophilus being 
equivalent, or approximately equivalent, to the differences between 
Sarcophilus and Dasyurus , or Dasyurus ami Phascogale. The 
classification also indicates that Thylacinus is much more nearly 
akin to Dasyurus , Phascogale , Autechinomys , and the rest than 
is Myrmecobius. 

The other view is of later date, and was apparently piomulgatecl 
in 1903 by Bensley*, who in his phylogenetic table of this 
group of Australian Pol y pro tod on ts derives Sarcophilus , Dasyurus , 
Antechinomys, Sminthopsis, etc., from Phascogale , or a Phascogale - 
like form, Myrmecobius being a branch of the same tree. 
Thylacinm, on the contrary, is marked interrogatively only as 

* Tran#. Linn, Soc., Zool. (2), ix. pt. iti. pp. 88-214 (1903). 
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possibly and independently descended from til© SiUflO Phoscogols- 
like ancestor, such resemblances as it exhibits to Sarcophuus 
and Dasyurus being due, it is said, to convergent adaptation 
(op. dtp. 193). On this subject he remarks (op. cit . p. 194): 
44 Thylacinus, so far as may be judged from dentition and foot 
struct in'©, may be a derivative of Phascogale ” and “ Sarcopkilus 
has no relation with the remaining specialized carnivorous form, 
Thylacinus . . . . Thylacinus is a foreign element in the Australian 
series.” Also on p. 205 he wrote : “ . . . . there are no definite 
reasons for believing Thylacinus to have a special affinity with 
the Dasyuridee.” Finally, on p. 209, he said : “ The dental re- 
semblances of Thyladnus to the Spnrassodonts are sufficiently 
close to warrant a belief in their common origin. Even so, 
however, there is no evidence that the evolution of Thylacinus 
has been connected in any way with that of the Dasyuridse, 
the reverse being indicated by the fact that the various forms 
of the Dasyurida? present successive stages of a dental evolution 
which, while carnivorous in its character os in 'Thyladnus , is 
otherwise of a totally different facies.” 

This opinion of Hensley’s was adopted by Gregory* and by 
Osborn + in 1910, whose classification of the typical Polyprotodont 
Marsupials wns for all practical purposes the same. I quote 
Osborn’s, which, in comparison with Thomas’s, set forth above 
(p. 1073), clearly indicates the divergence of view as regards the 
status of Thylacinus : — 

Didelphoidea. 

Fam. D 1 1> e l run d j is. 

Fain. Myiimbcobiid ac. 

Fam. Dasyijrib 

Sub fam. Phascogalin.® (Phascogale, Anteefn'noniys). 

Subfam. Dasyurin® ( Dasyurus , Sarcophihts), 

Fam. Thylacinid®. 

Subfam. Thylacinin® ( Thylacinus ). . 

Subfam. Borhy®nin® (Sparassodonts of the Eocene and 
Miocene of S. America). 

Scotty also in 1933 accepted the view that Thylacinus is 
a Sparassodont, a conclusion involving the seductive hypothesis 
of a migration of Marsupials from South America to Australia 
by a South Pacific land-bridge. 

The influence of Hensley’s views is also apparent, I think, 
in the two most recent classifications of the Polypvotodonts, 
namely those published by Wood~Jones§ and Cabrera!!, in 
which Thyladnus is severed from the Dasyurid® as the type 

# Bull. Amer. Mus. Nat. Hist, xxxvii. (19X0). 

t ‘The Age of Mammals/ p. 617 (1910), 

1 * A History of the l/aud Mammals of the Western Hemisphere/ p. 935. 

§ ‘The Mammals of South Australia, Pt. X./ p. 84 (1923). 

fj ‘ Genera Mammftlium : Monotreuiata and Marsupialia/ pp. 70-71 (1919). 
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of a special family, Thylaciuidue ; and since the same rank is 
given to Myrmecobius , it may be inferred that, in the opinion 
of these authors, Thylacinu 8 differs approximately as much 
from the Dasyuridae as does Myrmecobius . 

The Systematic Position of Thylacinvs and Mvimecoiuis 
ATTESTED BY EXTERNAL CHARACTERS. 

It may be interesting to revise in detail the organs described 
in this paper to see whether they support the older view, 
expressed in Thomas's classification, that Thylacinus is a 
specialized genus of the Dusyuroid stock, or the newer view, 
advocated by Bonsley and those who follow him, that Thylacinus 
has had an independent origin from the Dasyuridie, and 
resembles them merely in convergent adaptive characters or 
in characters inherited from a remote common ancestor. 

(1) The Facial Vibrissas. — So far as these tactile bristles are 
concerned, Thylacinus differs in no respect from the 
Dasyurida*. 

(2) The Rhinarium . — The rhinarium in Thylacinus is essentially 
as in the Dasyurida). The philtrum, it is true, differs 
from that of such genera as Dasyurus and Sarcophilus 
in being longer, narrower, and in the parallelism of its 
lateral grooves ; but these differences are not greater than 
those that obtain in the philtrum within the limits of 
the species assigned to Fhascogale^ and the philtrum of 
Aniechinomys differs as much from that of Fhascogale 
trallacci as the philtrum of Thylacinus differs from that 
of Dasyurus. 

(3 ) The Ear. — The eurs in Dasyuras , Rarcophilus , Fhascogale , 
Antechinomys , etc., are all constructed on the same plan, 
differing only in presenting minor modifications in structural 
details; and the ear of Thylacinus does not deviate in 
any particulars from that type. 

(4) The Feet.— The feet of Thylacinus show close resemblances 
to those of the typical Dasyurida} in the granulation of 
the pads and naked areas and the disposition of the digits. 
The modifications they present are adaptations to the 
digitigrade gait subservient to the chase. The claws are 
shorter and blunter, the plantar pads on the whole a 
little more cushion-like, and the pollex a little shorter. 
In the complete suppression of the tuft of carpal vibrissas 
Thylacinus is admittedly unique ; but analogy supplied 
by other mammals does not countenance the attachment of 
great systematic importance to this defect. On the whole 
I think it is surprising that the feet differ so little from 
those of Sarcophilus , for example; in fact, their general 
resemblance to those of that genus and others, despite 
their functional difference, is, to me, strong evidence of 
affinity. At all events it is abundantly clear that the 
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hind feet differ much less from those of Sarcophilus , for 
example, than do the hind feet of Antechinomys , in which 
the digitigrade gait for hopping reaches the extreme in 
this group of Marsupials. 

<5) The, Pouch . — The pouch of the female Thylacinus is 
structurally identical with that of Sarcophilus and some 
other genera and species. That of the male is, so far 
as I know, unique in its development and persistence. 
On the other hand, it is clearly nothing but a specialized 
development of the naked circurn scrota] area seen in other 
genera of Dasyuridae. 

Judging then from the characters discussed in this paper, 
it appears to me obvious that we have complete evidence of 
tolerably close affinity between Thylacinus and the Dasyuridae, 
To set these resemblances aside as of no importance is to 
deny the fundamental axiom of taxonomy that likenesses imply 
affinity. 

The external characters of Myrmccobius remain for con- 
sideration : — 

( 1 ) The Facial Vib'issce, — Myrmecobius differs from the Dasy uridse 
and from Thylacinus in the reduction in number and length 
of the facial v'brissie iu accordance with its ant-eating habits. 
It is unique in the complete suppression of the interramal 
tuft. 

(2) The Rhinarium , — In the single specimen available the 
rhinarium is somewhat distorted by crushing; but, so far as 
can be observed, it does not differ essentially from that of the 
Dasyuridee. 

(3) The Far, — The ear differs from that of the Dasyuridse and 

Thylacinus in being narrowed and pointed distally, and 
simpler in structure owing to the absence, probably by 
suppression, of the naked space below the ridge which runs 
backwards beneath the supratragus. 

(4) The Feet . — The fore feet differ from those of the Dasyuridae 
and Thylacinus in the uneven spacing of the digits, of which 
2, 3, and 4 form a distal trio with the 3rd slightly shorter 
than the 2nd and 4th : also the two interdigital elements of 
these three digits are set upon an undivided cushion -like 
pad. there being no large plantar pad formed by the fusion 
of four pads. The hind foot also does not exhibit the 
symmetrical disposition and even spacing of its four digits 
so characteristic of this foot in the Dasyuridie and Thylacinus . 
The 3rd and 4th digits form a distal pair, with the 2nd above 
the 3rd, and the 5th still farther above the 4tb. The inter- 
digital pad between the 4th and 5th is remote from the 
much larger pad between the 3rd and 4th, and the corre- 
sponding pad between the 2nd and 3rd merely touches the 
larger p ad mentioned. Thus there is no three-1 obed plantar 
pad as in the Dasyuridie and Thylacinus* 
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{5) The Pouch . — The pouch, being absent in the female as in some 
species of Dasyuridse, supplies no characters for consideration. 

From this enumeration of characters, to which the slender 
extensile tongue might have been added, it seems clear that in 
the structure of the facial vibrissas, of the ear, and of the feet, 
Myrmecohius differs considerably more from the Dasyuridse than 
does Thylacinus. 

The Systematic Position of Thylacinvs and Myumecobjus 

ATTESTED BY DENTITION. 

In the structure of the teeth Bensley chiefly found support 
for his view regarding the isolation of Thylacinus from the 
Dasyuridao. It appears to me, on the contrary, that these organs 
bear out the conclusion that Thylacinus is tolerably closely related 
to the genera of that family. 

Perhaps the most important evidence bearing on this question 
was supplied by Tomes’s researches on the microscopical structure 
of the enamel* in Marsupials and Creodonts. He found, in the 
first place, that the enamel of Thylacinus is essentially as in the 
Dasyurid ir. In the second place, of Borhycrna , the type of the 
subfamily Borhymnime of the family Thylacinidm of Osborn’s 
classification, he wrote : — “ There is ample evidence to say that 
the enamel of Borhyama is essentially of the Carnivorous type, 
and bears no more resemblance to that of the Marsupials than 
does that of other Creodonts, . . . which show a close resemblance 

in their enamel to their descendants, the recent Carnivora 

The histological structure of the enamel does not bear out the 
general resemblance in macroscopic structure between the teeth 
of Polyprotodont Marsupials and of the Creodonts. . . . The 
absence [in the teeth of Creodonts J of the peculiar stamp of the 
Marsupial, the tubular enamel, would justify us in saying that 
they certainly do not stand near to any Marsupial.” Nothing 
can be clearer than the inference to be drawn from these facts, 
winch Tomes himself regarded as surprising and disappointing. 

With regard to their macroscopic structure, I agree with 
Thomas that the teeth of Thylacinus can be reasonably interpreted 
as comparatively simple modifications of the plan characteristic 
of the Dasyuridao. To illustrate this, 1 subjoin sketches of the 
second upper molar of the left side and of the third lower molar 
of the right side of Dasyurus maculatus , Sarcophilus, and 
Thylacinus^ and to render the comparison clearer have similarly 
lettered the homologous lobes. 

In Dasyurus the upper molar (text-fig. 46, A, p. 1078) is 
triangular, broad in 'front, with a prominent antero-external 
angle, a round lobate internal angle, and a longer, narrower, 
pointed posterior angle. The anterodnternal angle carries a 
cusp (a), and externally to it the broad part of the tooth has four 

* Proc. Zool. Soc. 1906, pp« 46-68. Tomes examined the teeth of a large 
number of Marsupials and Creodonts. 
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cusps arranged in pairs, making a quadrilateral, two in front (b 
and c) and two behind (d and e ). They are well defined, but d is 
the largest. From d a cutting edge extends to the posterior 
angle, the surface of this region of the tooth being slightly hollowed. 

In ftarcophilus this tooth is constructed on the same plan, but 
is more massive, the posterior angle is broader and blunter, and 
the antero-external angle larger and more lohate and carries the 


Text-figure 46. 




A. Second upper molar of left side of Dasyurus maculatus. seen from above, from 

the outer side and obliquely from the front. 

B. The same of Sarcophilus. 

C. The same of Thyl acinus. 

a, cusp of antero-internal angle ; b, c, d t e. the four main cusps of the crown ; 
f t the posterior angle ; e, supernumerary cusp in C. 


two cusps, b and c. These are set close together and are coalescent, 
so that the lobe that carries them may be described as apically 
bifid, the two cusps being separated by a narrow notch. Similarly 
the cusps d and e are ajoaely juxtaposed and separated by a 
narrow notch, so that they suggest a single large apically bifid 
cusp. The cutting ridge running back from d is present, but the 
hollow on the posterior portion of the tooth is better defined. 
(Text-fig. 46, B.) 
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In Thylacinus the posterior part of the tooth is long and 
pointed as in Dasyurus , and the an tero- external angle is large and 
lobate as in Sarcophilus ; but the internal lobe is better defined 
than in either genus, being more constricted at the base. Cusp b 
of the anterior pair is large and functional ; cusp c is absent; but 
there is a small supplementary cusp which is found in some 
species of Phascotjale, Cusp e, which is reduced in Sarcophilus, 
is altogether suppressed, leaving cusp d to stand alone as the 
point of a cutting blade which is continued posteriorly by a sharp 
ridge running back to the posterior angle. The outer side of the 
hollow on this part of the tooth is sloped away so that it s external 
margin is not so well defined as in Sarcophilus. (Text-fig. 46, 0, 
p. 1078.) 

This tooth, therefore, is essentially the same in structure as in 
Sarcophilus and Dasyurus, and differs mainly from that ot 
Dasyurus in the complete suppression of cusps c and e and the 
enlargement of cusp d, the result being a cutting rather than a 
crushing tooth. But reduction of the two cusps in question is 
foreshadowed in > Sarcophilus . 

The lower molar m Dasyurus is narrowed in front and carries 
a single cusp, a. Behind this on t lie outer side hs a \ery large, 
pointed cutting cusp, h, and behind b there is a smaller cusp, c. 
On the inner side of b there is a very distinct cusp, (/, and on the 
inner side of c lies a fifth cusp, e, the posterior portion of the 
tooth cairying c and e being broad, with the margin convex and 
scarcely produced in the middle line. (Text-fig. 47, A. p. 1080.) 

In Sarcophilus this tooth differs principally from that of 
Dasyurus in the total suppression of the median cusp, d, on the 
inner side. For the rest the whole tooth is stouter, being more 
rounded and not angularly produced in front, and the posterior 
portion, carrying cusps c and e , is broader, with the margin 
oblique!}* truncated and not at all produced in the middle line 
posteriorly. (Text-fig. 47, B, p. 1080.) 

In Thylacin ns this tooth resembles that of Sarcophilus iu the 
complete suppression of cusp </, so that cusp b , as in Sarcophilus , 
acts as a piercing, cutting blade, without interference frtm the 
supplementary cusp d . The anterior part of the tooth carrying 
cusp a is broader than in Dasyurus, but not so broad as in 
Sarcophilus , and its edge is notched and it carries a very small 
supplementary cusp on its outer side in front on the root of 
cusp a . The posterior part of the tooth carrying cusps c and e 
is about as broad as in Dasyurus ; but its posterior border 
projects a little in the middle line and carries a small median 
supplementary cusp, /. Moreover, cusps c and e are differently 
proportioned from what is seen in Dasyurus and Sarcophilus , the 
outer cusp c being much larger than the inner cusp e, and com- 
pletely concealing it when the tooth is viewed from its outer 
aspect, the converse being the case in Sarcophilus and Dasyurus . 
(Text-fig. 47, C, p. 1080.) 

In the'number of the teeth Dasyurus and Sarcophilus are alike 
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and differ from Thylacinus> the formula of the cheek-teeth in the 
first two being pm, m. the 2nd and 4th premolars being 
suppressed, whereas in Thylacinus it is pm, *, only the 2nd 
premolar being suppressed. But in this respect Thylacinus 
resembles Pkascogale ; and since pm, 4 is a functional tooth in the 


Text-figure 47. 



A. Upper, inner, and outer bu rfaees of thud lower molar of the riglit ride of 
J)asyurus maculatus. 

11. The same of Sareophilus. 

C. The same of Thylacinus. 

«f, anterior cusp ; b> external main cusp ; e, posterior external cusp ; d (present only 
m A) internal -median cusp ; «, posterior internal cusp; / (present only in C) lieel. 


more primitive forms of the family, its retention in Thylacinus , 
with long, snapping jaws affording abundance of room for its 
presence, is not perhaps surprising. When, indeed, Phascogale 
and other genera akin it showing the range in variation in the 
dentition of the DasyvrAdae are taken into' consideration, the 
reasons for regarding Thylacinus as a descendant from a distinct 
stopk of Marsupials appear to me to be of small account. 
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Of still smaller account do they become ■when Myrmecobius is 
held, as Bensley held it, to be an offshoot from the Dasyuridae, 
for that view admits extreme plasticity in the teeth in that stock. 
In Myrmecobius all the cheek-teeth are variable in size and 
shape, are frequently not alike on the two sides, and the molars 
are excessively reduced in size and multiplied in number; and 


Text-figure 48. 




A. Upper, inner, and outer surfaces of third lower molar of Myrmecobius. 
13. Upper and outer surfaces of third and fourth upper molars of the same. 


the homologies between their cusps and those of the typical 
Dasynridse are too obscure to determine (text-fig. 48, A, B) *. 

Hence it appears to me that the inclusion of Myrmecobius in 
the Dasyuroid stock and the exclusion of Thylacinus therefrom 
is an apt illustration of the simile, swallowing a camel and 
straining at a gnat; and this applies to the external characters 

* Ne?ertbele*s, Hensley's tabular clarification of Thylacinus, the typical 
Dasyurids, and Myrmecobius by their teeth makes it appear that Myrmecobius 
differs less in dentition from the Dasyurids than does Thylacinus, This tabulation 
was dearly arranged to fit the theory, not the facts. 
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discussed in this paper as well as to the teeth. In my opinion 
the evidence in the case of Thylacinus points to tolerably close 
kinship with the Dasyuridie, whereas in the case of Myrmecobius 
the evidence points to comparative remote kinship with that 
family ; and this view was expressed in Thomas’s classification, 
in which Thylacinus was retained in the subfamily Dasytirinee, 
and Myrmecobius separated as the type of the subfamily Myrme- 
cobinse. It is the fashion nowadays to give full family rank to 
Myrmecobius. That is a justifiable, if small, matter, because the 
genus presents several well-marked characters which are not 
found, or even foreshadowed, in any genera of Dasyurids, and 
are not easily explained by its formicivorous habits, Thylacinus , 
on the contrary, presents cross resemblances to more than one 
genus of "Dasyurids, and its peculiarities are foreshadowed in 
those genera, and are, at least in some cases, to be explained 
by its adoption of cursorial predatory habits demanding com- 
paratively slight structural changes. 

New Genera related to D-isychus, 

From the evidence supplied by the variations in the rhinarium, 
ears, marsupiu m, and other characters, it seems probable that 
Phascogale will prove to be divisible into several genera. Available 
names are Phascogale , Antechinm , and Myoictis , of which the 
typical species are respectively penicillata , Jlavipes , and wcdlacei , 
according to Thomas’s selections in 1888. Of these, Myoictis 
has recently been resuscitated by Cabrera as a subgenus ; but 
until more spirit-preserved material than is now available comes 
to hand for examination and comparison, it will be wiser to leave 
the genus in its present somewhat chaotic state. 

I)a8yurus , however, may, I think, be usefully subdivided to 
emphasise the marked peculiarities of some of its species. The 
type is viverrinus , and no other generic names seem to have been 
applied to this or other species. The genera into which I 
propose to divide the genus may be briefly diagnosed as 
follows # : — 

Da8yurus E. Geoff. 

Type viverrinus Shaw. 

Hallux suppressed ; hallucal pad suppressed ; lower sides of 
fore and hind feet uniformly granular, generally, at all events, 
without trace of central area on lobes of plantar, carpal, and 
metatarsal pads. 

Notoctonus, gen. nov. 

Type geoffroyi Gould, 

delated to Dmyurus % bait retaining the hallux, which, however, 
emerges high up the metatarsal area; hallucal pad suppressed; 
feet uniformly granular, with at most a small, circular, smooth 
area on the lobes of plantar pads and of carpal pad. 

* Most of the characters here made use of may be found in Thomas’s Catalogue. 
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Satanellus, gen. nov. 

Type hallucatu8 Gould. 

Resembles No tact onus in the retention of the hallux, but differs 
in the retention also of the hallucal pad, the lower emergence of 
the hallux nearer the plantar pad, and the presence on the meta- 
tarsal, carpal, and plantar pads of well-defined, elongated, striated 
areas, the conspicuous striatum of a large area of the digital pads 
and the paired scaling of the under side of the digits. (Text- 
fig. 38, D, E, p. 1059.) 

Text-figure 49. 


A B 




A. Third lower molur uf Da&yurus maculatus. 

B. The same of jD. hall ucatus. 

C. Side view of auditory regiou of the skull of 2). maculatus . 

D. The same of J). hallucatus showing the inflated bulla. 

Stictophonus, gen. nov. 

Type maculatus Kerr. 

Feet like those of Satanellus, except for the restriction of the 
striated areas on the digital pads to a narrow distal band and the 
uniformly granular sculpturing of the lower sides of the digits 
(text-fig. 35, B, p. 1053). Differs also from Dasyurue , Notoctonus , 
and Satanellus in having much flatter and less globular auditory 
bulls; in the large size of the main cusp of the lower molars, 
which is much higher than the internal median cusp, the latter 
being correspondingly reduced; end, so far as is known, in 
having the pouch in the female widely open behind (text- 
fig. 41, A f p. 1065). 
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The above-mentioned characters used for the severance of 
Dmynrus into four genera may be summarized as follows : — 


a. Hallux suppressed 

a'. Hallux retained. 

6, Hallucal lobe of plantar pad suppressed and the hallux 
farther from plantar pad ; metatarsal pads almost wholly 
suppressed, without central area ; lobes of plantar pads at 

most with small, smooth circular areas 

b\ Hallucal lobe of plantar pad retained; hallux nearer the 
plantar pad ; metatarsal pads with elongated striate 
areas ; similar areas on the carpal pads and the lobes of the 

? larttar pads. 

lower side of digits uniformly granular ; digital pads 
similarly granular, with comparatively small striate 
area. Auditory bulla low. Main cusp of lower molars 
much larger than median internal cusp, which is 

smaller than anterior cusp 

c'. Lower side of digits with paired scales ; digital pads with 
much larger striate area. Auditory bulla high and 
globular. Main cusp of lower molars not much larger 
than internal cusp, the latter not smaller than anterior 
cusp 


Dasyurus. 


NotootonuM . 


StictophonuM. 


SatanelluM. 


These genera show some interesting adaptive deviations. The 
most primitive and the most like Phascogale is Satanellus 
hcd1/ucatu8. From this, Stictophonus maculatus departs on one 
side in the direction of being more predatory in habits and more 
carnivorous in diet, the trenchant teeth being associated, as in 
Sarcophilus, with reduction of the btilla. On the other side 
departs Notoctonus geoffroyi in the direction of being less 
scansorial in habits than Satanellus hallucatus , as indicated by 
the structure of the feet ; and from Notoctonus geoffroyi may be 
derived Dasyurus viverrinus , which shows adaptation of the feet 
similar in a great measure to those ©f Sarcophilus. 
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54* The External Characters of the Patagonian Weasel 
{Lyncodon patagonicus ). By tt. I. Pocook, F.R.S., 


F.Z.S. 


[Received Jane 14, 1926 : Read November 16, 1926.] 
(Text-figures 50-54.) 

When my paper “ On the External Characters and Classification 
of the Mustelidw *** was published, I had not seen a freshly- 
preserved specimen of the rare South American Weasel Lyncodon , 
my observations upon the genus and the conclusion I reached as 
to the systematic value of its characters being based upon an 
examination of the dried skins and a few broken skulls preserved 
in the British Museum. Quite recently, however, an adult 
female preserved in alcohol was presented to the Museum by 
Col. Morley C. Knight, who procured it at Bonifacio in Buenos 
Ayres, and the following notes, amplifying and, in some cases, 
correcting my previous statements, have been drawn up from 
an examination of it. 

The Head and its Organa . 

The shape of the head is like that of Mustela , the crown 
being long and low and the muzzle short and deep. 

The Facial Vibrissas are well developed, long, and slender. 
There are four or five superciliaries, the longest of which 
reaches hack beyond the ear; some of the mystaoials also 
reach beyond the ear, but the two genal tufts, occupying 
the normal position for the Mustelidae, are not easy to detect, 
since each consists of two short slender vibrissse which must 
be almost functionless. There is a row of submentals on each 
side of the lower jaw, and at least one of the interramals 
is long (text-fig. 50, 0, p, 1086). 

The Rhinarium is a i solated ; its upper surface is about twice 
as wide as long, the hairs on the muzzle extending forwards 
to the posterior angle of the nostrils, and it is mesialljr grooved . 
Seen from the front it is convex and mesially notched above 
and mesially grooved in its lower half. Its inferior and lateral 
margins up to the posterior angle of the nostrils are evenly 
convex, and there is a median inferior pointed projection repre- 
senting an aborted philtrum. The upper lip is not cleft, the 
hairs merely showing an indistinct parting in the middle line 
(text-fig* 50, A, B, p. 1086). 

The Mm-\ as could be seen on the dried skins, is greatly 
reduced and much smaller than in typical predatory Mustelidw. 

• ftrec* See. 1981, pt. iv. pp. 808-887, 1981* 

UooiN Soo*— 1928, No* LXXI. 71 
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It is also simplified in structure; the sup rat rag us, which is 
usually large and valvular in the family, is reduced to a soft 
indistinct ridge set high up in the cavity of the ear, and the 
anterior margin of the upper part of the cavity which normally 
projects backwards beneath the supratragus is merely represented 
by a soft and small fiap of skin continuous with the margin above ; 
the tragus, however, in a tolerably well-developed fleshy lobe, 
and the antitragus and intertragal notch are also defined. The 


Text-figure 50. 



A. Rhinarium of Lyncodon from before. 

£. The same from above. 

C. Side view of head of the same showing the vibrissa and the small size of the ear. 

lower portion of the cavity is hairy and the auditory orifice, 
which is set tolerably deep, is surrounded by a thickening of 
soft tissue covered with protecting hairs (text-fig. 51, A-CJ, 
p« 1087). 

In the simplification of the ear Lyncodon differs markedly 
from Mustda and Orison. In both these genera the supratragus 
.is large and valvular, and there is a small fleshy lobe above 
it, differentiated from the upper margin of the cavity. Also 
the anterior overfolded edge is continued backwards beneath 
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the supratragus to terminate in a thickening occupying the 
lower portion of the cavity above the auditory orifice. In 
Muqtela, too, there is a very conspicuous marginal bursa. Even 
in Orison the bursa is retained as a shallow pocket, although 
it is noticeably degenerate as compared with that of Mustela, 
The ear of Lyncodon , indeed, is more like that of Conepatus 
and Mephitis . This likeness, however, must be regarded as 
purely adaptive. (Text-fig. 51, D, E.) 


Text- figure 51. 



A. Ear of Lyncodon open. 

B. The same partially closed. 

C. The same on a larger scale open and with the lower portion cut through to 

show the auditory orifice. 

D. The ear of Grison . 

E. The ear of Muttela erminea. 

s. supratragus, t. tragus, b . bursa. 


The Tongue and Mouth . — The palatal ridges are well defined. 
The first forms a transverse arch between the canines, and between 
it and the incisor teeth there is a definite tabulated elevation. 
The second is obtusely angular, and runs forwards between the 
canines from a point on each side between the canines and 
the first retained premolar ; the apex of its angle is connected 
with the middle of the first ridge by a short ill-defined longi- 
tudinal ridge. The 3rd, 4th, and 5th are slightly biconvex, 
with a median notch in front, dividing or almost dividing them 

71 * 
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into two. The 3rd rises between the anterior ends of the 
first retained premolar (pm 8 ), and the 5th between the inner 


Text-figure 52. 



A. Posterior view of half the occipital region of Zyneodon with the left auditory 

bulla cut open to show the tympanic ring (£) in contact with the roof, 
the petrous portion (p) of the periotic, and the hollowed mastoid (m) with its 
cavity opening into the cavity of the bulla. 

B. The palate of Lyncodon. 

C. The palate of Mv*t$la erminea , 

X), Median and posterior portion of the tongue of Lyncodon showing principally 
the circumvallate papillae and tha tabulated fringe on each aide of this area 
of the tongue. 

K. Portion of the roughened snrface of the tongue showing the tips of the 
denticulate papilla and one rounded papilla. 

F. Section showing the backwardly bent tips of three of the denticulated papilla. 

lobes of the carnassial (pm 4 )* the 4th occupying an inter- 
mediate position* Tbe rest lying between the camassials and 
the molars are short* mesially divided* and irregular in shape 
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*nd number, there being three on the left side and two on 
the right (text-fig. 52, B, p. 1088). 

The palatal ridges in Mmtela erminea and putorius are more 
complete and more numerous than in Lyncodon . The third 
and fourth are continuous across the middle line, and the fifth 
is only interrupted to a small extent. Behind the fifth they 
vary in the two European species. In an example of M. erminea 
the sixth is well developed, the seventh is as well defined and 
symmetrical as the third, fourth, or fifth of Lyncodon , and there 
are traces of three more behind it between the molars. In 
M . putorim the sixth may be broken up or tolerably well 
defined, and behind it there are asymmetrically-ari-anged 
fragments of three more. Thus nine or ten ridges are traceable 
in Mmtela and seven or eight in Lyncodon (text-fig. 52, C, 
p. 1088). The palate of Orison is not available for comparison. 

The tongue has a median groove which is tolerably widely 
dilatable proximal ly towards the epiglottis, shallow in the middle 
and deeper distally. Proximally it is bordered on each side by 
a low membranous fringe with a lobulate free margin. The 
area between the fringes is comparatively smooth, but its 
surface is irregularly marked with rounded papillae, and a few 
smooth ridges and five circumvallate papillae, irregularly arranged 
in a /\ and asymmetrical, are obscurely traceable. The rest of 
the upper surface is entirely and thickly covered with small 
overlapping denticulate scales, each scale being the backwardly- 
directed distal end of a papilla, the proximal portion of which 
is a thick, short vertical column. The tongue of Lyncodon seems 
to resemble that of Mmtela in all essentials, athough the 
posterior fimbriated crest seems to be better developed and 
the rounded papillae amongst the denticulated papilla? seem to 
be fewer in number. But the examination of more material 
is required to establish these inferences (text -fig. 52, D-F, 

p. 1088). 

The Feet*. 

My description of the feet taken from the dried skins was 
erroneous in some respects. In the fore feet, for instance, 
the interdigital webs are better developed than was stated, 
but they are at the same time poorly developed as compared 
with other genera of the family, a considerable portion of 
the distal end of the digits being free. The foot also is 
asymmetrical. If the main axis be taken between digits 3 
and 4, digit 2 does not form a symmetrical pair with digit 5, 
but is situated considerably in front of it, the 5th digit pairing 
in position with the 1st* Tims the fore foot in the disposition 
of its digits is very like that of Ictonyx, Spilogale , and Mephitis, 

* The daw* in this specimen are shorter than is usual tor the species. But 
Col. Knight had it alive in Bonifacio and kept it in a tin, and since it was very 
restless and active, it is quite likely that the claws were worn down by the efforts 
the animtl made to escape. 
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figured on pp, 821 and 824 of my paper, where it may be 
seen that the middle line of the foot was taken through digit 3,, 
and that the digits show perissodactyle symmetry, instead 


Text-figure 53. 





C, 



A. Right fore foot of Ijyncodon with the digitw spread. 
H, The sumo with the digits nearly in contact. 

C. Right hind foot of the same with the digits spread. 

D. The same with the digits nearly in contact. 


of the artiodactyle symmetry exhibited by Mustela, Marten, and 
others ; and it is interesting to observe that the genera with 
perissodactyle symmetry arefoesomJ, long-clawed forms, whereas 
the genera with artiodactyle symmetry are short-clawed, cursorial 
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or scansorial forms. Lyncodon is one of the few genera of 
the family which combines musteline elegance of shape with 
longish or long fossorial claws, and the fore foot very markedly 
approaches the perissodactyle type. 

The digital pads are striolate and irregularly roughened, 
as also is the plantar pad. In the latter the four interdigital 
elements are clearly distinguishable, the median element or 
lobe being much the largest and obliquely set. On the outer 
side of the foot a naked tract of corrugated skin extends back- 
wards from the external lobe of the plantar pad to the rounded 
striolate carpal pad, which is single, no trace of the inner 
carpal element being observable. There is a similar but shorter 
naked tract of skin behind the posterior (pollical) element 
of the carpal pad ; but the median area of the skin between 
the plantar and carpal pads is hairy. The sole of the foot 
immediately round the plantar pad is naked ; but the lower 
sides of the interdigital webs and the sides of the lower surface 
of the digits are sparsely hairy, the hair growing in very 
definite isolated tufts. The carpal vibrissa* are reduced to a 
single long bristle (text-fig. 53, A, B, p. 1090). 

The hind foot is smaller than the fore foot, and has the 
2nd, 3rd, and 4th digits webbed to the proximal ends of the 
digital pads, and the 2nd and 3rd and the 3rd and 4th are more 
closely tied together than in the fore foot. The 4th digit is 
slightly longer than the 3rd, and the 3rd than the 2nd ; but as 
in the case of the fore foot, these three digits are closer together 
than the 4th is to the 5th. The webs between the 4th and 5th 
and between the 1st and 2nd are about as deep as the corre- 
sponding webs on the fore foot ; and, as in the fore foot, 
digits 2, 3, 4, and 5 are not so symmetrically disposed in pairs as 
they are in Mustela and other active cursorial members of the 
family. The lower sides of the webs are hairy to about the same 
extent as in the fore foot, and the area in front of and at the 
sides of the plantar pad is similarly naked. The plantar pad 
is four-lobed. The inner or pollical lobe is small and not very 
clearly defined, but the other three are sharply differentiated and 
subequal, and alike, much more so than in the fore foot, all 
having convex edges, the median not being much broader than 
the laterals. In the concentric arrangement of their ridges they 
are also more like the lobes of the plantar pad of Mustela , the 
irregular shape of the plantar pad of the fore foot recalling 
that of such fossorial forms of the family as Melts and Taxidea. 
There is no trace of metatarsal pads, the entire metatarsal 
area being covered with hair from the heel to the plantar 
pad, except for an ill-defined nearly naked strip extending 
proximally from the base of the 5th digit behind the outer 
lobe of the plantar pad (text-fig. 53, C, D, p. 1090). 

The A nm and External Genitalia . 

The Anus opens on the lower anterior portion of a naked 
lanceolated area of skin which is narrowed and pointed where 




A* The mamma of Lynoodon. 

B. The anal and genital area of the female Lyneodon. 

C. Dissection of the anal area showing the two anal glands, the gland on the right 

of the figure out open, with a bristle, indicated by the arrow, passing from the 
etorage sac through the secreting portion to the exterior. 


of a muscular sac and posteriorly of a thickened glandular 
portion traversed by a narrow duct through which the secretion 
passes, when ejected, from the storage sac to the external 
orifice (text-fig, 54, B, 0); 
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The perimeum is short and hairy, and the vulva is piriform, 
with the urinary orifice opening just below the orifice of the 
vagina (text-fig. 54, B, p. 1092). 

From the size and structure of the anal glands it cannot be 
doubted, 1 think, that their secretion is offensive as the secretion 
is known to be in Grisonella , Orison , and Mustela . And 
the genus has the type of colouring, grey above and black 
below, found in Orison and Mellivora , in which the scent of 
the secretion is peculiarly offensive and nauseous. In the' 
case of Lyncodon , too, there is a broad, conspicuous white band 
upon the head, and there is no doubt that the genus is 
warningly coloured. There is a similar but less conspicuous 
frontal band in Orison , and the two genera are very much alike 
in colour. I discussed this resemblance in my paper upon 
warning coloration in Musteline Carnivora (Proc. Zoo). Soc. 
1908, p. 953), and having no evidence that Lyncodon was 
offensive, I suggested that the likeness might be an instance 
either of Batesian mimicry or of Mullerian resemblance. The 
evidence now to hand that Lyncodon i6 probably as nauseous 
as Grison will bring the case into the latter category. 

In accordance with the general rule that fertility is a measure 
of mortality, species which are especially protected produce 
a comparatively small number of young in a season. In 
this connection it is interesting to note that the example of 
Lyncodon here described has only 5 inguinal mammae, 2 on 
the left side and 3 on the right (text-fig. 54, A, p. 1092). 
This suggests that the litter of young is smaller than in 
our species of Mustelidw ( M ’. erminea, nivalis, and putorins), 
which, typically at all events, have 8 mammae to accommodate 
their young. In the case of J/. erminea as many as 10 young 
to the litter have been recorded. 

The Auditory Bulla . 

Owing to lack of material I was unable to describe in detail 
the structure of the tympanic bulla w’hen I wrote my paper 
on this portion of the skull in the Mustelidee (Proc. Zool. Soc. 
1921, pp. 483-484). All that it was possible to record was 
that “a skull of Lyncodon , with a broken bulla, in the British 
Museum shows that the cavity is broken up by trabeculae 
into spaces which extend into the mastoid. It is not possible, 
however, to ascertain from this specimen whether the cavity 
before fracture was divided by a partition into two chambers 
an in OrisoneUa or not.” The fresh specimen confirms the 
first part of this observation, and shows that the posterior portion 
of the cavity of the bulla freely communicates with the hollowed 
mastoid portion of the periotic, the wide passage lying just 
externally to the petrous portion of that bone as in OrisoneUa ; and 
also that the floor of this portion of the cavity is irregularly 
pitted by the anastomosis of bony ridges, and that the roof 
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of the bulla is depressed and confluent with the tympanic 
ring throughout its extent. There is, however, no trace of 
the large arched rafter which in Grisonella descends just behind 
the tympanic ring to the petrous bone and divides the cavity 
into an anterior and posterior chamber communicating by a 
narrow passage just above the periotic. The cavity, therefore, 
is undivided as in Mustela Furthermore, the roof of the 
bulla is thickened and permeated by air-cells as in Mustela ; 
%ut the bone is not so thickened as in that genus, and the air- 
spaces are larger and do not present the spongy appearance 
characteristic of Mustela as described and figured in my 
previously quoted paper. 

The bulla of Lyncodon thus shows resemblances to that of 
Mustela , and differences from that of Grisonella in the absence 
of the partition and the thickening of the roof and the number 
of air-cells in it, there being only a few in Gi'isonella ; but 
it resembles the bulla of Grisonella and differs from that of 
Mustela in that the posterior portion of the cavity communicates 
freely with the hollowed mastoid, and has its floor pitted by 
the anastomosis of bony ridges. And it resembles the bull© of 
of both these genera in the complete confluence of the tympanic 
ring with the roof of the bulla (text-fig. 52, A, p. 1088). 

So far as this portion of the skull is concerned, Lyncodon might 
be described as intermediate between Mustela and Grisonella . 
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55. A Nolo on au Albino Grass-Snake. By Joan B* 
Procter, F.Z.S., F.L.S., Curator of Reptiles. 

[Received October 11, 1920 : Reid October 19, 1920. | 

(Plate I.) 

Albinism in Mammals and Birds is comparatively common, 
but in Reptiles it lias only been recorded in a few isolated 
instances. In the case of the Ophidia, Mr. Boulenger has 
observed that “partial albinism is rare; perfect albinism, 
characterized by absence of black pigment in the eye, rarer 
still.” * In certain species a pallid ivory tint is normal. In 
the Tree* Boa Chomlropython viridis the young snake may be 
very pale yellow or pink, but is most frequently cream-colour. 
The green colour subsequently appears surrounding white spots, 
and ultimately spreads until green is the ground-colour in the 
adult Boa. In this case, therefore, pigment develops late in 
the life-history. Many desert species are pale si Ivor- sand-colour, 
such as Cerastes ripera , C. cornutus , and Crotalus mitchelli which 
is sometimes called the “White Rattlesnake,” but no cases 
of albinism have been recorded in these species. 

True albinos have been known in the Grass-Snake, Ncitrix 
natriv , but the young specimen at present living in the Reptile 
House is such a perfect example, that the Garden Committee 
of the Society commissioned Mr. Green to make a water-colour 
drawing of it in order to have a permanent record of its tints 
in life, which will of course be destroyed by death. (Plate I.) 

For the gift of this little snake we are indebted to Mrs. Durtnell, 
who, although thinking that it might be a viper, caught it 
uninjured and brought it to the Gardens in perfect condition. 
Its ground-colour is ivory-white, with a slightly creamier tint 
on the praefrontals, internasals, and first few labials. This same 
tint is repeated in the collar where, in a normal specimen, 
the yellow patches would occur. Wherever there should be 
black pigment, that is to say the collar, lateral spots, and ventral 
checkerings, the skin is as transparent as gauze, showing the 
colour of the muscular ooat through. This is the palest mauve- 
pink, and produces a very odd effect, especially on the ventral 
surface where the liver, and other organs, show through the pale 
semi-transparent flesh. The characteristic collar on this white 
snake is therefore shown up in cream and pale mauve-pink. 

The eyes have brilliant dark red pupils, surrounded by a 
more opaque pale orange iris, and entirely lack that dull, blind 
look seen in pink-eyed mammals. The nostrils show up their 
pink linings, and the tongue is pink at the base and ivory 

* HoUlenger, G. A. * The Snakes of Europe/ 1918, p. 89 (Methuen, London). 
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on the bifurcated portion. The general effect is very pale and 
fragile like carved ivory, with jewel eyes. 

This is the second albino snake which has been on view in 
the Reptile House* The first, an Indian Cobra, JVaia tripudims , 
was a true albino in the black pigment sense, but had a powdering 
of sand-coloured chromatophores on the hood, forming shadowy 
white “ spectacles ” on a sandy ground-colour. An account of 
this snake, together with a photographic plate, appeared in the 
Proceedings in 1924 *, and it lived in perfect health for 22 
months. Duiing this time we were fortunate enough to obtain 
an excellent cinematograph record of it. taken out of doors in 
natural surroundings, and a copy of this film is preserved in our 
library. 

Most of the albino snakes have this trace of sandy or cinnamon 
coloured pigment emphasising the markings characteristic of the 
species. Mr. Walter Goodfellow has seen a white Reticulated 
Python with faint markings of this kind, and with red eyes, 
in Singapore. Other records are as follows : — Ditmars t, in 
20 years, has seen an albino Palm Viper, a Rattlesnake (species 
not indicated), a Milk Snake, and a Black Snake. Klaubert 
has published a photograph of an albino Gopher Snake, and 
Boulenger§, in 1 Snakes of Europe,’ mentions the Grass-Snake, 
Tesselated Snake, ^Esculapian Snake, and Smooth Snake. 

# Procter, J. B., P.Z.S. 1924, p. 1125, pi. i. 

t Ditmars, Zool. Hoc. Bull., New York, xxiv. no. 0, 1924, p. 127. 

I Klauber, Zool. Soc. Bull., New York, xxvii. no. 3, 1924, p. 80. 

§ Boulenger, 4 Snakes of Europe/ 1913, p. 39. 
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56. Some Notes on the recent Birth of a Hippopotamus 
(II. amphibius) in the Gardens. By G. M. Vkvers, 
F.Z.S., Superintendent. 

[Received October 17, 1920 : Read November 2, 1926.] 
(Text-figures 1, 2.) 

Young Hippos have been born in the Gardens on four 
previous occasions, but only one of these was reared and reached 
maturity : this was the famous “ Guy Fawkes ” which was born 
on November 5th, 1872, and lived for 36 years in the present 
Hippo House. Two others, one born in February 1871 *, the 
other in January 1872, lived only a few days, and the fourth, 
born in September 1 925, died at birth. 

A. D. Bartlett, who was Superintendent at the time, gave 
detailed accounts of two of the three early births in the Pro- 
ceedings of the Society f. 

The one born in September 1925 was approximately six weeks 
premature, the period of gestation, as calculated by Keeper 
E. Bowman, being 200 days as against 240 days for full time. 
Further evidence of this was afforded by the state of the nails, 
which were gelatinous and very much longer than they are 
normally at birth. The presentation was abnormal, and, it 
being her first confinement, the mother was in great distress. 
She plunged into deep water and the young one was born almost 
immediately, but being attached to the female by the umbilical 
cord it was pulled under and drowned. At this time the mother, 
“ Joan,” was only 6 years old. 

On enquiry it was found that at the Zoological Gardens in 
Philadelphia, where several young Hippos have been successfully 
bred, the pond was only four feet deep and when a confinement 
was expected, the floor was built up with heavy timbers so that 
the depth of water was about 12 inches, and in this shallow 
pool the young were born. 

In Amsterdam, where “Bobbie,” the father of the present 
baby, was born, the mother is given free access to the pond 
which is several feet deep, but the birth always takes place 
on land, the level of the water being almost up to the floor 
of the sleeping den so that the young one can easily get in 
and out. 

Soon after the birth of the premature calf last year, the pond 
in the Hippo House, which was 7 feet deep, was filled up so as 

* Thera it a east of this animal taken after death on the wall of the Giraffe 
House. _ 

+ P. Z. 8. 1871, p. m rt P. Z.S. 1872, p, 819 teq. 
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to leave a depth of 4 feet of water, and the steps leading down 
into the pond were made much shallower. 

Two months before the last confinement was expected, the 
female was screened from the public and shut away from the 
male. The night before the birth took place, Bowman, noticing 
that she appeared uneasy, shut her away from the pond and 
put down an extra large bed of straw which she proceeded to 
take up in her mouth in small quantities, dip in her drinking 
trough and spread all over the door of the sleeping den. Labour 


Text- figure 1. 



The fort foot of the premature Hippo calf born in Sept, 1926, allowing the long 
gelatiuons nails which are not present at birth. 


commenced at 6 a.m. on the following morning (August 20th), 
after 241 days of pregnancy, and 5 hours later, at 11 a.m., a 
young male was born. , 

The mother and young were left undisturbed until 7.30 p.mu, 
when the sliding door leading to the pond was raised and the 
mother went down into \the pond, which was full of warm 
clean water. The young one followed immediately, shuffling 
along on his knees, as he was unable to walk. As soon as he 
was in the water he seemed more at home and began to swim 
up and down the pond, but every time he ventured out of his 
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depth the mother tried to rflise him on her head. After ft short 
time, the mother submerged her body entirely, turning on her 
side, and the young one began to suckle under water, coming 
up to breathe at intervals of about 20 seconds. This suckling 
under water still continues, and the calf has not been seen to 
suckle on land although he was able to walk and follow his 
mother out of the pond on the fifth day after birth. The 
average time the young one remains under water is 40 seconds, 
although on occasions he has been timed to remain under for 
as long as 3 minutes. The average time which adult hippos, 
in our Collection, remain under water without breathing is 
minutes. 


Text- figure 2. 



Young Hippo &t 3 weeks and mothar. 

Bartlett records that “Guy Fawkes" was observed on one 
occasion to submerge for 15 minutes a few days after birth, 
and that, although suckling took place under water at first, it 
also took place on land, the mother standing and arching her 
back slightly. In both cases which he describes the young one 
was able to walk at birth, whereas the present one could not 
do so for five days. This might have been due to muscular 
weakness, which, however, did not prevent him from swimming 
well. 

Dr. G. Kerbert of Amsterdam gives the period of gestation 
as 234 days j Bartlett records 237, 227, and 242, the last being 
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in the ease of “Guy Fawkes/’ there being only one day’s 
difference between it and the one born last August* 

At birth the general resemblance the young one bore to the 
Pigmy Hippopotamus (C. Kberiemis) was notable, especially about 
the contour of the head ; the nostrils and eyes being much less 
elevated than in the adult iT. amphibius. 

The conclusions to be drawn from the above observations are : — 

(1) The period of gestation is approximately 240 days. 

(2) In nature the young one is probably born in a bed of reeds 
close to the edge of the water, or in very shallow water. 

(3) The young is able to swim before it can walk. 

(4) Suckling normally takes place under water. 

(5) In captivity it is of the utmost importance to shut the 
female away from the male and from the public for at least one 
month before confinement takes place : also the level of the water 
in the pond should be almost the same level as the floor of the 
sleeping den. 

(6) The Pigmy Hippo is the more primitive of the two races. 
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1. Introduction. 

In July 1925 a visit was paid to St. Mary’s, the largest of 
the Scilly Isles, and to the Lands End district of West Cornwall* 
and a comparative study was made of the land and freshwater 
Mollusea collected on an intensive scale during the trip. The 
results of this study are presented in this paper along with 
certain general considerations. Another paper is being prepared 
in which the forms obtained at some 120 stations are listed 
together with the names of the associated plants and other data. 

The object, of this survey was to ascertain to what extent the 
Molluscan fauna of a group of coastal islands in the Temperate 
Zone has diverged from that of the adjacent mainland during its 
period of isolatiou. No intensive work on the mollusea of small 
islands off the British coasts has been undertaken on a compre- 
hensive scale, though the Clare Island Survey (Stelfox, 1912) 
gives a detailed list of occurrences and habitats, and small 
collections have been made on many Hebridean and other 
islands. Some attention has been paid to the statistical study of 
isolated colonies of British land snails (e. g, on different walls) by 
Boycott (1919). 

* The last-named author’s work is offered for publication by permission of the 
Trustees of the British Museum. 

Proc. Zool. Soc.— 1926 f No. LXXII. 
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There is no need at the present time to discuss the importance 
of geographical and hahitudinal isolation in promoting evolution- 
ary divergence. We are, however, in need of a more intimate 
acquaintance with the details of the process. Thus we require 
information as to (1) the rate at which isolated faunas diverge, 
{2) whether all the species of an isolated fauna tend to diverge at 
the same rate, (3) the extent to which divergence between two 
isolated faunas having a common origin depends on the occupa- 
tion of ecologically distinct habitats. Whenever we take up the 
atudy of the fauna of areas in which much local isolation and 
racial differentiation is found, we sooner or later encounter 
apparently paradoxical phenomena. No species or varieties of 
land Mollusca have been recorded as peculiar to the Inner 
and Outer Hebrides*, which have been the seat of intensive 
diversification of small mammals, and even among the latter, 
some varieties range over many islands, while others are 
restricted to single islands. These are problems which may be 
answered at present only by making valueless assumptions about 
the date of separation, responsiveness to environmental conditions, 
and so on. 

It seemed therefore desirable to make an intensive survey of 
the mollusc fauna of an island or group of islands not too far 
removed from the -British Coast, the ecological conditions char- 
acteristic of which could be fairly readily ascertained, and about 
the separation of which from the mainland some information was 
reasonably to be expected, it was moreover necessary to select 
an island associated with a definite area of adjacent mainland, the 
local fauna of which was fairly well known. For reasons given 
elsewhere (Richards & Robson, 1925, p. 641) the Scilly Isles were 
selected. 

It became appai'ent that the first visit must be in the nature of 
a reconnaissance for the following reasons. A. It was obviously 
necessary to ascertain if the Scillies were in general suitable for 
such a study, both from the point of view of the facilities for 
work and the nature of the fauna. B. It Was necessary to make 
preliminary collections en bloc in order to see if there were any 
noticeable divergences both in structure and habitat-occupation 
before settling down to study particular species intensively* 
C. It was felt that, as much attention would have to be paid to 
the study of homologous habitats occupied on the island and the 
mainland, a preliminary study of these would be necessary for 
formulating an ecological technique suitable for the occasion* 
The results attained in 1925 are therefore of a preliminary 
nature ; but as they already throw some light on the problem of 
insular divergence, it is considered desirable to publish them* 
They include (1) the prdof that of the 39 species found by us (of 
which 15 are new “records”), twelve show differences from the 

# No such local forms have been recorded up to date, though many islands have 
been visited by the field collector. In the absence of an intensive survey we do not 
assert that there are no such loo%l forme. 
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mainland forms, though the significance of such differences is 
doubtful at present, while twenty -seven are apparently unmodified ; 
<2) an analysis of the habitats occupied in St. Mary’s and West 
Cornwall and of the distribution of the various species therein ; 
(3) a summary of the general ecological conditions characteristic 
of the two areas and an examination of the extent to which they 
differ. 

Our thanks are due in the first instance to the Government 
Grant Committee of the Royal Society and the Committee of the 
‘Godman Exploration Fund for financial assistance. An early 
acknowledgment of the help received from various quarters in 
promoting this survey has already been made (Richards & Robson, 
1925). From this acknowledgment we regret that the name of 
Mr. G. W. Gibson was omitted. We now take the opportunity 
•of thanking those specialists whose names will be found associated 
with reports on particular species included in the text, and 
Dr. G. Glasspool of H.M. Meteorological Survey, Miss E. L. 
Hendricks and Mr. A. J. Wilmott for assistance rendered in 
special points. Messrs. A. E. Stclfox and R. Winck worth took 
much trouble in studyingour species of Pisidium and GoniodAscus , 
though their results are not included here, being negative as far 
as significant divergence is concerned. It is hoped, howexer, to 
publish their notes elsewhere. 

2. Tiie Physiography and Ecological Conditions of 
►St. Mary’s and Land’s End. 

The area investigated consisted of the whole of the island of 
St. Mary’s, including Toll’s Island, a rocky heather-covered islet 
on the N.E. side of the latter, and the Land’s End peninsula west 
of a line drawn from Lelant Golf Links (on the west side of the 
River Hayle) to the farm buildings known as Tregambo, half a 
mile S.E. of Ilelubbus and thence back to St. .Michael’s Mount 
In the course of this report the Scilly area is referred to a,« 

“ St. Mary’s” and the Cornish area as “Land’s End.” Tin 
latter is smaller and ecologically more homogeneous than either 
the “West Cornwall” of the Conehological Society’s Survey 
(Roebuck, 1921) or the “ Land’s End” of Davey’s ‘Flora of 
‘Cornwall ’ (1909, p. lxix). 

1. The Land’s End area consists of two rather sharply con- 
trasted areas. West of a line drawn from Lelant to Penlee 
Point (just S. of Penzance) is a mass of granite fringed here and 
there by metamorphosed diabase and slates of the Mylor series. 
This forms the characteristic Land’s End massif, a high undulating 
tableland of heather country, rising in places to over 800 feet 
in height. Eastwards the land sinks to the valley of the Hayle 
and Marttsioi! marshes, where the unmodified Mylor slates and 
alluvium yield arable, marsh and wooded country attaining a 
maximum height of about 280 feet. Patches of unmodified 
•diabase occur round Penzance, St. Ives, etc. The distance from 

72* 
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the mouth of the Hayle to Marazion is just over five miles ; from- 
St. Ives to Land’s End about fifteen miles, from Penzance to 
Cape Cornwall about eight miles. 


Text-figure 1. 



2, St. Mai y’s is separated from Land's End by a channel some 
twenty-eight miles in width. The average depth of this channel 
on the direct line between Land’s End and St. Mary’s is about 
36 fathoms, and all the islands lie within the 40 fathoms 
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contour. The channel is very uniform in depth; but for the 
sake of future reference we must note that the following shallows 
occur : — the Longships (2 fathoms), a short distance from Land's 
End ; Carn Base (9 fathoms), a little farther westward ; an 
unnamed bank (24-28 fathoms) about half-way across to Scilly ; 
aud the Seven Stones (5| fathoms) about six miles from 
St. Martin’s. Cape Cornwall Bank (15 fathoms) and the "Wolf 
Hock lie a little to the north and south respectively of the main 
line. Topographically considered the islands lie at the extremity 
of a spur marked by the 40 fathoms contour, which runs out from 
the West of England massif. The Cornish peninsula and this 
submarine spur seem to be part of the same topographical 
feature. 

St. Mary’s consists of two masses of granite joined by a low 
ridge of blown sand. In the 18th century Hugh Town, which 
stands on the ridge, was subject to flooding by the sea, but 
recent elevation seems to have removed this danger. The island 
contains, in addition, deposits of “ Head ” (decomposed granite), 
a little Eocene (?) gravel and alluvium. There are no Palaeozoic 
rocks or diabase such as we find in Land’s End. The granite, 
however, seems to be identical with that of the latter. The 
greater part is coarse-grained and porphyritic, only three small 
patches of a fine-grained type occurring. The island measures 
about x2| miles and its highest point is 166 feet above sea- 
level. The following data should be noted. 


Rainfall (average annual) ... 
A t m ottpher ic hum idity 

(average monthly 1922 : 
3 daily observations) ... 
Temperature. 

Mean temperature for 
year 

Mean of maximum ... 
„ „ minimum ... 


St. Mary’s. 

31-87 in. 


89-84-89 


f>2°-2 + 

56°-0 

48°*3 


Penzance. 

40*93 in. 


79-?-78 


52°*6* 

63°*7 

39°*3 


* 1890-1925. 


f 1881-1915. 


The Effect of Spmy. 

In an island of relatively slight elevation, such as St. Mary’s, 
the effect of spray must be of considerable importance, though 
we are unable to trace any structural or other peculiarities in the 
fauna directly to this cause, nor are we able to define the amount 
of spray-borne chlorine that is found in the soil of the island. 
Irwin (1920, p. 276) found the following figures for Cum- 
berland : — 


Locality and distance (in 
miles) from sea. 

Part. NaCl pm 1.000,000. 
(Oct.-Dec.) 

Maryport (0) 

199 

Cookermouth (6£) 

37 

Dungeon Gbyll (15) 

15 
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Martin (1925) found that dew-ponds on the Sussex downs at 
a height of 500-800 feet get 12*2 parts of chlorine per 100, 000* 
parts. Neither in St. Mary’s nor in “ Land’s End ” is any place 
visited by us over four miles from the sea, and the majority of 
island and mainland stations are within one mile of the sea, so that 
we do not think any structural differences that may occur between* 
the mollusca of the latter are to be attributed to this factor. 

Vegetation, etc . 

In Davey’s 4 Flora of Cornwall ’ (1909, p. Ixix) the Scillies are 
treated as part of the Land’s End botanical division of Cornwall. 
For the purpose of an intensive survey this grouping is valueless. 
It may be true that all the plant species which occur on the 
islands are likewise found on the mainland, but we require to 
know to what extent the total mainland flora is represented on 
the islands. Davey’s district, as pointed out above, is larger than 
our Land’s End,” as it includes all the county west of a line 
drawn from Ha.yle through Praze and Sithney to Porthleven. 

As far as we can ascertain the flora of the islands consists of 
481 species and varieties, of which 348 were recorded by 
Townsend (1864), 25 by Lawson (cf. Marquand, 1893), 44 by 
Somerville (1893), and 64 by Marquand (1893). The Land’s 

End flora consists of 879 species ( Davey, l. c.). Even if we 

make some allowance for the lack of attention paid to the 

islands and for the larger size of Davey’s u Land's End,” the 

difference is still very marked. It is very noticeable in the 
case of trees. On St. Mary's the elm, apple, pear, and ash 
(the latter a recent introduction) only are known. Only one 
plant is recorded from Scilly which does not occur in Land’s End, 
viz. Arthrolobium ebracteatum. This is otherwise found in the 
Channel Islands and France. 

Of the animals important in the molluscan food-cycle not a great 
deal can be said at present. The birds have been recorded by 
Clark and Rodd (1906), from whose account we may note some 
points. The Jay is absent and the Cuckoos are more common in 
the breeding season than in Cornwall. Apparently certain forms 
are on the decrease, e. g. the Roseate Tern, the Common Tern, 
and the Black-backed Gull, while the Linnet is on the increase 
(Robinson, 1914, p. 144). While the sea-birds are not of 
immediate significance in the molluscan food-cycle, it is important 
to note the great number of Puffins and Shearwaters. Certain 
exceptional visitors such as the Golden Oriole occasionally nest in 
the islands. Clark and Rodd do not comment on the Jack of 
trees as a factor in the bird-life, but we suspect that the resident 
species are partly limited by this. Robinson ( l . c. p. 117) notes 
that the broods of tfok Song-Thrush are distinctly below the 
average in number; but he gives no figures for Cornwall, 

Though the Scillies are unique in possessing a species of the 
genus Crocidura, the white-toothed Shrew, which is otherwise 
not recorded from the British Isles, the islands seem to be poor 
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in small mammals *. Beyond the Common Rats and House- 
Mouse and the ubiquitous Apodemus sylraticus there are no 
others. No Voles have yet been recorded. We are unwilling 
to consider that they are definitely absent; but certainly no 
records are available up to date. Of the other groups important 
in the molluscan food -cycle the predaceous beetles arc very 
poorly represented according to my colleague Mr. K. G. Blair’s 
experience, the common snail-eating Cychrus being absent 
though represented in Land’s End. Mr. Blair considers that 
these beetles are limited by the absence of wood-eating insects, 
which is referable to the lack of trees. 

The main ecological differences between St. Mary’s and 
Land’s End may thus be summarized : — (1) The climate is 
more equable in Scilly. (2) The latter has a distinctly lower 
rainfall; but the atmosphere is more humid. (3) Geologically 
St. Mary’s is similar to the Land’s End massif; but it lacks 
the slate and diabase found adjacent to the granite in the 
latter. (4) The whole of St. Maty’s probably receives a con- 
siderable amount of spray-borne chlorine. This would be found 
also in Land’s End, diminishing only slightly in the parts most 
remote from the sea. (5) The differences in vegetation are 
uncertain ; hut there is a noticeable poverty of trees in St. Mary’s. 
(6) Of animals important in the molluscan food-cycle small 
rodents and carnivorous beetles are \ ery poorly represented in 
St. Marx’s, in the case of one species of snail the presence of a 
species of Crocidura may be important. The avifauna seems to 
present certain special problems ; but its relation to the mollusca 
is as yet uncertain. 

3. The Mollusca of West Cornw all and Scilly. 

The Census of British Land and Freshxvater Mollusca 
(Roebuck, 1921) published by the Conchological Society gives a 
total of 25 species from the islands and 74 from West Cornwall. 
In the same year two more records were added to Scilly 
( Hyalinia draparnaldi and Helix cispersa ), making the total 27* 
As previously stated “ West Cornwall ” of this list is a much 
larger area than our “ Land’s End,” including as it does the area 
west of a line draxvn from Truro to St. Col urn b. 

The following is a complete list of Scilly and Land’s End 
records brought up to dote, the total for St. Mary’s being made 
up of 27 species already recorded and 15 (? 14) new records. One 
new record was obtained in Land’s End. 

(a) St . Mary s, 

(New records indicated by asterisk ; species not obtained by the 
survey of 1925 in square brackets ; number of stations at which 
the species were obtained in 1925 in round brackets.) 

* Small mammals, especially rats, mice, and voles, are of importance in Molluscan 
ecology, as they certainly prey on snails. One of us (O. W. R.) obtained definite 
evidence that Crocidura feeds on Helicella virgata. 
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[Testa cella mavgei.J 
Limax maximus, typical (1). 

„ „ var. cellaria (9). 

„ „ „ sylvatica (2). 

„ jtavus (6). 

„ arborwn (1). 

Agriolimax agrestis , typical (18). 

„ „ vav. reticulata (1). 

„ „ „ pallida (2). 

„ levis # (1). 

Mil ax sowerbyi (10). 

„ gagates* (6). 

Vitrina pellucida * (3). 

„ ,, ? new variety (1). 

H yalinia nitidula (14). 

„ cellaria* (12). 

„ draparnaldi (12). 

„ alHaria (1). 

„ radiatula * (1). 

Arion a ter, typical (1). 

„ „ cinereo-oltvacea (1). 

„ „ rufa (1). 

.. .. (D- 

„ „ marginata (8). 

„ „ margins! la (3). 

„ aubfusca * (6). 


| Arion hortensis* (1). 

Qoniodiscus rotundatus (11). 
; 11 el i cell a virgata (8). 

I [ „ ttaia . J 

,, caper a la (5), 

Cochlicella harbara (8). 
Ashfordia granulata (/>). 
Hygromia hispida (1). 
ft (3). 

rerfmfa (8). 

Valhmia extmitrica* (1). 

| Behx aspersa (21). 

Cepea nemorulis (9). 

! Cochlicvpa luhrica (7). 

I Lauriu cylindracea (7). 

! Vertigo pygmaa * (3). 
j Ba I ea perversa (8). 
i tiuccmea pfeijf'eri * f (2). 

' T » < f ) elegant.) 

Lwtneea Iruncatufa * (4). 
pereger (6). 

! Vlanorbis leucostoma (S). 
Fisidium caserttnuum* (3). 

personal unt * (3). 

„ trnlum* (\). 

„ ob tv sale* (3). 


f We follow some receut authors in regarding £. elegans and S. pfeiferi as 
different species. 


All these species except Testacella maugei t Hyalinia radiatula , 
Pisidium milium and personatum were found by ns in Land's 
End, and the following forms occur in the “ West Cornwall ” 
of the Census, but not in Scilly. Species not obtained by us in 
Land’s End are indicated by brackets arid new records for 

(Fujui marginata), 

{ „ secal e), 

ClausiHa bidentata (12), 

(Caryckmm minimum), 

(Fhytm myosotis). 

( Ovatefh bidentata). 

Ancylus jluviatilis (2). 

JAmncea palustris (1), 

( „ glabra). 

[Planorbis album). 

,, naut ileus (1), 

(Aplexa hypnormn). 

( Faludestrina viva), 

( } iithynia teutaculata). 

( Talrata piscina l is). 

(Cyclostoma elegans). 

( Tistdium amnu'wn), 

,, nitidum (1). 

Three species — Hyalinia radiatula , Puidium milium and 
j oersonatum — are thus recorded from Scilly but not from West 
Cornwall. These species are recorded elsewhere in England. 

From a consideration of these lists it will appear that, as 
compared with the u West Cornwall ” of the Census, the fauna 
of St. Mary’s is very impoverished as it possesses 42 species as 
opposed to 75. If we restrict the Cornish area to Land’s End, 
as defined herein, the poverty of St. Mary’s is far less marked, for 


Cornwall by an asterisk : — 

(Hyalinia crystal lina). 

( » rogersi). 

( .. pura). 

JSuconulusfulvus * (3). 

Zonitoides excavatns ( 7 ). 

( „ nitidns). 

Arion intermedins (1). 

„ eircvmscriptu* (8). 
Functum pygmtrum (1). 
(Pyramidula rupestris ). 

( Hygromia fusca ). 

( Jcantkinula acufeata). 

Vallonia pulckella (1). 

(Arianta arbustorum). 

Cepea hortensis (4). 

(Euparypha pieana), 

(JSna obsenra). 

(Azeca trident). 
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•we obtained only 50 species in “ Land's End ” as compared with 
the 42 of St. Mary’s. We are unwilling to express an opinion 
as to the precise number of species actually found in the Land’s 
End area as defined by us. The Hennels (1848) recorded 48 
species from the neighbourhood of Penzance. Marquand’s list 
for West Cornwall (1884), which includes the country as far east 
as Falmouth, does not specify localities with enough accuracy to 
be of any use. There are several recent papers on small collections 
from Land’s End, but no exhaustive lists. We are inclined to 
believe that our collections represent approximately the numerical 
relationship of the St. Mary’* and Land’s End areas, and that the 
latter is only a little richer in species than the former. 

(b) Co mparison of Stilly and Land's End forms . 

The specimens obtained from the two areas were examined with 
a view to finding out if the insular forms show any difference 
from those of the mainland. It seemed likely that if any 
differences occurred they would be slight u statistical ” ones, the 
significance of which could only be assessed by a specialist or by a 
student having at his disposal a large amount of varietal material. 
It would not be enough to examine specimens from Land s End 
alone; for a variant living on St. Mary’s might conceivably be 
absent from Land’s End but be found elsewhere in the West of 
England. If the St. Mary’s forms showed any differences from 
those of Land’s End it would be part of the task to show whether 
such variants are (1) new forms not found elsewhere, or (2) rare 
variants missing from \V. Cornwall but occurring elsewhere. In 
the present report it is obviously impossible to give a final answer 
to these questions, though we may go some way towards doing so. 
The examination made has been purely n conchological one 
except in a few cases. However desirable it may be that we 
.should know something about the variation of other foims, it 
is manifestly impossible to use such data profitably in this 
particular case, as the bulk of our present knowledge of the 
variation of British and Continental land molluscs rests on 
conchological data. 

The result at which w^e have arrived after an examination of our 
material is as follows:— (l) There are no forms of specific and 
probably none of varietal rank restricted to St. Mary’s. (2) In a 
certain number of cases the JScilly forms exhibit cj ^jjlteristics not 
found in the mainland population or in such mKerial from the 
British Isles and the Continent as we have been able to obtain. 
(3) These differences are of a slight order, except in two or three 
cases, and they will be subjected to a complete statistical study as 
soon as more material, both from St. Mary’s and elsewhere, is 
available. (4) The differences that we are able to distinguish 
between the St. Mary’s and the mainland population do not exceed 
in magnitude the differences usually found between colonies found 
in the same area, but not immediately adjacent one to another. 
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It is interesting to note that Blair (1925) records no local species- 
or varieties of Lepidoptera from the Scillies. “Interesting 
variation *’ is recorded but no marked local races. 

The following is a detailed examination of the species in which 
differentiation of the insular forms can be discerned. Twelve 
species are here involved. Of the remaining twenty-seven species 
a few (e. g. Helicella caper ata and virgata) were not sufficiently 
adult to enable us to speak with certainty, and a few of the slugs 
owing to shrinkage and discoloration in the preservatives used 
were not in a lit state for highly critical work. 

Vitkina pellucida. 

Mr. B. B. Woodward reports; — “The specimens from the 
Reillies show a conchological clifierence from those of the main- 
land. The rate of increase of the w horls is less rapid than in 
the Land’s End forms, and therefore the whole shell is more 
globular and the aperture rounder. . . . Some specimens in the 
collection of Dr. Boycott from Birdlip (Clones.) show a slight 
tendency to approach the Reilly specimens, but cannot be confused 
with them,” This globular form is not unlike the variety 
dillwyni reported from Glamorganshire and a few Continental 
localities (Taylor, 1900). Comparison with the figure of that 
variety (as V. ballardi) given by Pollonera (1884) shows that 
the form of the aperture is different. V. pellucida seems to 
vary very little. Sundry varieties of dubious value have been 
described, of which a flattened form ( depi'essiuscula ) and the 
globose form {dillwyni) seem to be more constant. The St. Mary’s 
shells approach the latter, but plainly are not to be identified 
with it. The available evidence goes to suggest that diUwyni is 
not an environmental form. 

Only ten specimens were obtained, a number insufficient for a 
final opinion. 

Ashfordia granulata. 

The aperture is relatively and absolutely wider in the St. Mary’s 
form, and certainly longer than in any specimen to which we 
have access. The Scilly specimens are smaller than those from 
Land’s End. 

Hygromia revelata. 

While the colour and texture of the shells of the St. Mary’s 
forms are exactly like those of the Land’s End and other main- 
land races, the size and proportions of the apertures differ, 
being narrower and longer in the St. Mary’s forms, while the last 
whorl in the latter is n^t so deep. 

The animals from both areas are not as large as the average 
specimens from most areas, which usually attain a height of 5 mm. 
If the species is an “annual” and if, as Taylor (l. c. p. 40) 
suggests, it becomes mature in the autumn, then the size of 
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these examples would suggest that they are normal representatives 
of the annual population but not yet fully grown. Otherwise, 
in the absence of representatives of larger size we should have 
to infer that the species is stunted in St. Maiy's and Land’s End. 
Twenty-six specimens were obtained fiom St. Mary’s, which are 
scarcely enough to decide whether the differences in the forms of 
the aperture are significant, 

Vallonia exoentrica. 

Mr. Hugh Watson informs us that while the specimens from 
the two areas are alike in most shell diameters they are all more 
coarsely striate than is usually the case, and that this condition 
is fat more marked in the case of Die SciJly examples. 

Helix asfersa. • 

We are indebted to Captain C. Diver for a very detailed study 
of this form, of which we obtained 243 examples (57 adults amt 
18(5 young) from Hi. Mary’s (1 ( .) loci) and 141 (110 adults and 31 
young) from Land's End (20 loci). All the variations found on 
the mainland occur on the islands except hand formula (12)0(45) 
which is rare and sporadic normally, while m addition \m\ 
tocalbida (again very sporadic), two young examples of 1(23)05 
and 1.345, two very thin-handed forms of 12345 and one example 
of 10300 were obtained on 8t. Mark’s, none of which occur in the 
mainland sample. Captain Dher says “this crop of hand 
mutations (particularly those of station 38) might possibly argue 
some disturbance [i.c. some hereditary or purely phenotypic 
difference], but there are no means at present of judging the 
frequency of such mutations in the population at large,” In 
four sets of insular forms the shells are thinner than usual and 
more compact in shape. The cl a th rat a and jfovvmea types are 
both absent from the island and occur in the mainland sample, 
“ though, if the specimens from the two areas were samples of 
the same population, only about one example would he expected 
among the 57 insular adults.” To summarize Captain Diver’s 
report, it seems that, as far as can be seen from the numbers 
available, (1) certain band formulae absent from the mainland 
examples occur on St, Mary’s and certain formula present on the 
mainland are absent on the latter, and (2) that in certain cn>es 
the insular forms differ in shape and thickness of shell, though («) 
this is not a general peculiarity of the island forms, and ( b ) the 
shell of II. aspersa tends to become thin in other areas *. 

Vertigo pygm^ea. 

Only seven adult examples were obtained from St. Mary’s and 
none from Land’s End. The 8t. Mary’s forms are compared with 

# We Are very sceptical as to the value of correlation between thinness of shell 
and lime-free soil. Taylor (1906, p. 268) records thick shells from the Millstone 
Grit and many of our Cornish atpersa and nemoralis from granite localities are 
thick and solid. (But see p. 1118.) 



1112 MESSRS. 0. W. RICHARDS AND 0. C. ROBSON ON THE 


series from Clevedon (Somerset), Silverdale (Lancs.), Farmoor 
(Berks.), and Alfriston (Sussex). 

Three characters were examined: — (1) the indentation of the 
lip ; (2) presence or absence of the lower entocone; and (3) the 
relative proportion of the ectocones a (upper) and b (lower). 


(1) (2) (3) 

Clevedon Rarely strong. Absent. 6>a. 

Silverdale Never „ „ b~a in 0/11. 

Farmoor Feeble, „ in 40/47. b>a. 

Alfriston P Present in 3/3. 6>a. 

St. Mary's Variable, strong Present in 0/7. b**a in 6/7. 

to weak. 


The number of specimens is very small and there are no 
•Cornish specimens available. These results are included as 
demonstrating a possible difference from mainland shells in the 
combination of characters. 

Limnjea truncatula. 

The examples obtained on St. Mary’s are decidedly larger 
in the body-whorl than any from Land’s End and several other 
English localities. They are nearly approached by a collection 
from Brittany. 

SuCCINEA PFEIFFERI. 

A good number was obtained from both localities, and the 
results of this comparison are very decisive. 

This species is very plastic, slid its relation to S. elegant is by 
no means well-defined. The St. Mary’s race is, however, wider 
than any of the eight series containing specimens of the same 
length which we have examined, and the aperture is longer. 
“While the aperture-shape is markedly different, the width of the 
shell is nearly approached by a form from Jersey. 

Milax sowerbyi and gagates. 

Although only a relatively small number are available the 
St. Mary’s forms of the two species both differ in size, being 
larger than the Land’s End forms by 3 mm. or more in each case. 
Mr. A. E. Ellis, who examined this material for us, discovered 
that all the specimens were sexually mature, so that we are 
inclined to think that the size-difference is not directly con- 
nected with difference in maturity. 

Lauria cylindracea. 

Seventy-three examples were obtained from St. Mary's and 
forty-two from Land's End. In addition Mr. A. E. Ellis kindly 
lent us series from Kelmarsh (Northants) and Llandough (Gla- 
morgan). The St. Mary’s forms are slightly smaller than the 
mainland forms and the length of the aperture is the only 
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character which was suitable for investigation. This proved to 
he relatively smaller in the St. Mary’s shells than in any 
mainland set. A more interesting point was discovered in the 
course of measuring the length. The St. Mary’s shells and 
those from Land’s End each give a trimodal curve in respect 
of this character. But the modes of these curves are at 
different points in the two sets. This trimodality is probably 
not due to yearly growth, i. e . to the presence of individuals 
representing different age-groups, as no such trimodality was 
found in the Kelmarsh set, in which a unimodal curve was 
given ; nor is - a similar trimodality seen in the size of the 
mouth. It would seem then that in this character both the 
St. Mary’s and Lands End Laarias contain the same number 
of varietal tendencies, though of a different order in each case. 
To explore this interesting subject more fully we must await the 


acquisition of more material. 

Two characters were measured : — 

(1) The length of the mouth 

(2) The total length a. 


A. St. Mary's b gives unimodal curve at 1*178 mm. 

a ,, trimodal „ „ 3*028 „ 

3*470 „ 
3*788 „ 

B. Land's End b gives unimodal curve at 1*256 mm. 

a „ trimodal ,, 3*220 

3*640 „ 
4*100 „ 

C. Llamlough (a very small series), a varies from 3*716-4*213. 

D. Kelmarsh b unimodal curve at 1*306 mm. [mm. 

a „ „ „ 3*472 mm. 

Planohbis leucostoma. 

A very plentiful supply was obtained in St. Mary’s, but the 
species was very poorly represented in Land’s End. We have 
had recourse to comparison with series from Oleveden, an un- 
named locality in Somerset, Hornsey, two French and one 
Swedish localities. Of these seven localities the St. Mary's 
forms are easily the smallest, averaging 3*31 mm. as opposed to 
4*53 mm. from Cleveden, 5*84 mm. from the unknown locality, 
4*47 mm. from Romsey, 6*45 and 4*7o mm. from the French and 
4*76 nun. from the Swedish loci . The question naturally 
presents itself— are the Scilly forms juvenile? We do not think 
this possible, for, if they are juveuile, the complete absence of 
large specimens must indicate that the species is an annual* ; 
but (1) Hasay (1881, p. 73) says specifically that this species (as 
P. spirorbis) lives for two years ; (2) in the numerous series of 

* We obtained 600-600 specimens in all. 
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this species in the British Museum there are always large 
specimens present along with small ones from the same locality. 
In itself dwarfing is not an uncommon phenomenon, and has 
been recorded as the result of various environmental anomalies 
(Pelseneer, 1920, pp. 561, 628). 

The St. Mary’s forms, however, not only differ in size from the 
other English series and the continental ones examined by us, 
but they also differ (a) in the proportion of the last whorl and (6) 
the mouth. The following table gives the facts : — 


Average ditnnetei 
(mm.). 

St. Mary’s, 3*316. 
Oleveden, 4*535. 
Hornsey, 4*4. 

Agen (France), 6*45. 
Oise (France), 4*74. 
Suex (Stockholm), 4*76. 


% bod y- wh orl wid th . 
Max. width. 

26*3 per cent. 
21*0 
24 8 
22 3 
22*4 
21*0 


>» 

>» 


% ap ertu re len gth. 
Max. width. 
30*9 per cent. 
26*4 
268 
247 
27*2 
24*1 


>> 

»» 

>» 


It will be plain that there is an appreciable tendency for small 
shells to have wider body-whorls and longer apertures than large 
ones. The number of series is however small and the apparent 
decrease in the width of body-whorl and aperture-length is 
irregular. This was further tested by taking two large size- 
series of Somerset shells, with the following results: — 

% bo dy- whorl w idth . %jiperture le ngth . 
Max. length. Max. length. 

Class 1 : average length 5*2 mm. 22*2 27*4 

Class 2 : „ „ 3*8 mm. 22*1 28*0 


We are inclined to believe that this last series gives a more 
accurate picture of the growth-rate as the number of individuals 
measured was much larger. 

While we cannot speak as yet about the Cornish forms of 
leucostorna , it seems that those from St. Mary’s are peculiar 
in the size of the body- whorl and aperture. As to the small size 
we reserve judgment. It is almost certainly not due to age, but 
it is likely to be a modification found elsewhere. 


4. Ecological. 

a. The Habitats occupied by the various Species in 
St. Mary's and Land's End. 

In comparing the species living in our tv?o areas it is desirable 
to ascertain if they occupy the same kind of habitat in both areas. 
Habitudinal divergence is just as important as structural diver- 
gence in evolution, and we should therefore inquire to what extent 
the one precedes the other. We do not wish to discuss the classi- 
fication of Molluscan habitats in this paper, but it is necessary to 
point out that it is very difficult to make very rigid definitions. 
.In the present paper we have defined nine broad types of habitat 



MOLLUSC A OP THE SCILLY ISLES AND WEST CORNWALL. 1115 


and rejected temporarily all records which do not correspond with 
one of these main types. The comparison of homologous habitats 
in St. Mary’s and Land’s End has likewise been a difficulty, for 
it is never quite certain if habitats similar in a general way are 
-exactly comparable. 

1. Walls. 

We distinguish two types of wall according to (a) the presence 
or (&) the absence of hedge-like growth covering the stone-work. 
The first type is not very common in St. Mary’s, though quite 
common in Land’s End. We therefore compare only type (b) in 
the two areas. The following points are to be noted: — (1) 
St. Mary’s (7 stations) has four species (all slugs) not taken on 
walls in Land’s End, while in the latter (10 stations) eleven 
species are recorded from walls which do not occur on walls in 
St. Mary’s. (2) Slugs are more common on walls in Scilly than 
in Land’s End. (3) Cepea nemoralis and Hygromia striolala , 
which are very well represented on walls in Land’s End, do not 
occur at all in this habitat in St. Mary’s. Thus C. nemoralis 
occurred in 6/10 walls in Land’s End and in 0/7 in St. Mary’s. 
(4) The most frequent wall association in St. Mary’s is 
L. cylindracea+Hy . nitidala; in Land’s End it is //. striolataAr 
C. nemoralis. 

2, 3. “ Waste ” areas ; quarries and pits. 

No comparison between the St. Mary’s and Land's End 
habitats are possible, though we obtained a good many records. 

4. Sea cliffs. 

On St. Mary’s the cliffs tend to be more uniform in character 
than in Land’s End. They are abrupt, rocky, and less diversified 
by natural and artificial talus. Classification according to the 
dominant vegetation seems to be the best method of distinguishing 
the various kinds of cliff : — 

1. Cliffs with SUene-m ats. 

The St. Mary’s fauna is an impoverished version of that found 
iu Land’s End, the characteristic species being identical in both 
cases. 


2. Cliffs with mats of Thrift. 

Hy . draparnaldi did not occur in the Land’s End stations ; nor 
were H ’. virgata and V. excentrica obtained in St. Mary’s. The 
number of stations in the two areas was rather low, so that the 
absences may not be significant. 

Except where there is a mat of Thrift or Sikne the cliffs in 
both cases are very poor in snails. Several loci in each area were 
-quite barren (e. g. Samphire-patches). 
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6. Trees. 

In St. Mary 1 ® we obtained snails from Elm alone ( v . above, 
p. 1 1 06), and the only form recorded is Balea perversa . In Land’* 
End this species is found on Elm along with H aspersa and 
L . arbor urn, A . ater, L. cylindracea, and C. bidentata (which is not 
found at all in St. Mary’s). 

6. Sandy areas . 

This category includes sandhills, dune pasture, and Marram- 
dunes. Of the more numerous species H. virgata is found in ail 
the Land’s End dunes and is absent in out* 8t. Mary’s stations. 
Conversely, II. aspersa is very common in St. Mary’s and rare in 
Land’s End dunes, the figures being large enough to be significant. 
The common Scilly association is H. aspeisa -f- 0. barbara ; that of 
Land’s End is H . virgata + C. barbara . 

7. Heath . 

There is considerable difficulty in distinguishing the various 
kinds of heaths from the data at present available. 

I. JEWca-heath with grasses. 

The Cornish stations yielded no snails at all. In St. Mary’s 
we obtained Hy . nitidula and cellar ia, A. ater and G. rot undata. 

II. Grass ( Holcus ) heath regenerating after fire. 

This habitat is fairly rich in both areas. Land’s End yielded 
seven more species than St. Mary’s, the number of stations being 
three and four respectively. 

III. Grass between clumps of Ulex (mainly a later stage 
of 7 II.). 

There are not enough stations to allow us to make a suitable 
comparison. 

The outstanding feature of this type of habitat is the poverty 
of the Land’s End heath fauna. Thus in Landtf End eight 
stations yielded 44 specimens (5*5 apiece), while in m. Mary’s five 
stations yielded 125 (25 apiece). 

8. Marshes . 

Various types were examined in each area, but not enough of 
any one sort to enable us to institute comparison, 

9. J Fresh water . 

A difference in thp type of stream and enclosed water which 
we encountered in the two areas renders it possible to make a 
comparison of the ponds alone. In St. Mary’s the Limneas 
( peregra and tnmcatula) are usually mutually exclusive, occurring 
together only once in six stations. They occur together in 
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Cornwall and are also found associated in “ trickles ” in cliff- 
faces. On the island ancl mainland alike truncatala invades 
horse-troughs. We have the distinct impression that Planorbis 
leucostoma is more abundant in 8t. Mary’s than in Cornwall. 

One of the most interesting points that has impressed itself 
upon our attention is the possibility that a species living in 
Land’s End and Scilly may not occupy the same habitat in both 
places. We have indeed a good many records which seem to 
suggest that several of the species found on St. Mary’s do actually 
occupy different habitats or do not have the same range of 
habitats as they do in Land’s End. The validity of such evidence 
as a proof of a definite change of habit or behaviour must of 
course depend on the number of cases available. The occurrence 
of a species in a different series of habitats could only be 
regarded as significant if there were many records. At present 
we do not consider our records sufficiently numerous to enable us 
to publish any definite instances of this difference in habitat. 
The only cases of which we are at all confident are : — 

(1) II. aspersa, found in 4 sand-dune stations in St. Mary’s. 

Land’s End. 
St. Mary’s. 
Land’s End. 

h. The Incidence of the Species in Granite and 
j Y on-Granite Areas . 

Differences in geological formation are usually considered to 
have very little direct influence in determining the racial 
differentiation of molluscan species, their distribution and habitat- 
preference. A few species are “ calciphilous” or “ calcifugous,” 
though w© do not know for certain that it is the presence of lime 
that is directly responsible for their distribution. The occurrence 
of thin-slieiled forms on granite and basalt soils is of course well 
known. But again the issue is by no means clear ; for many 
forms living on non -calcareous soils have solid shells (cf Taylor, 
l , c.). In any ca.se, however, it seems a question for which 
objective data are required so that a summary of what occurs 
in our two areas may be of service. We have especially to 
consider what may he the result in St. Mary's of the restriction 
of the fauna to granite and alluvium, while in Land’s End it has 
the choice of four soils, diabase and slate being additional to 
granite and drift there. It may be queried whether there is any 
advantage in comparing the molluscan fauna of the island with 
that of all our Cornish area. We might of course equally well 
compare an area like Sennen and Land’s End (which corresponds 
with St. Mary’s geologically) with the slaty and diabasic area 
round Penzance. It might very well be argued that, with slow- 
Pboc. Zool. Soo.*— 1926, No. LXXIII. 73 


(2) 0. nemoralis 


n YTr wall 

ii f ii 
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moving animals which form localized colonies, the Sennen-Land’s 
End fauna is as much isolated from Penzance as that of St. Mary’s. 
We are indeed fully convinced that isolation in colonies within 
the same geographical area may be of great importance in 
evolutionary divergence; but our present concern is with the 
effects of insular segregation in a particular case. 

A few words may be said about the factors involved in the 
geological differences between the various areas. 

1. Chemical composition of the rocks and soil . 

In general granite is an u acid ” rock, the SiO a index ranging 
from 65-75 per cent. The amount of SiO a in various granites 
from Land’s End varies from 69*42 per cent, to 74*54 per cent. 
The amount of CaO is low, ranging from 1*40 per cent, to *21 per 
cent. The chemical composition of the Scilly granites is not given 
anywhere ; but as they are microscopically identical it is not likely 
that they will differ very much in chemical composition. The 
diabase (greenstone), which is absent from St. Mary s, is u basic,” 
having 8i0 2 50*57-59*84 per cent, in Land’s End. The CaO is 
higher than in granite, viz. 3*71-7*47 per cent. The chemical 
composition of Mylor slate is not available, but according to 
Merrill (1897, p. 137) the SiO a is about 60 per cent, in slate, 
while the CaO is less than 1 per cent. 

The action of weathering upon the chemical constituents of 
these rocks differs according to Merrill ( l . c . p. 222), the gross 
amount of material and the proportions of various chemical 
constituents lost varying considerably, so that the soil derived 
from these rocks will differ. In general there seems to be a 
correlation between the acidity or alkalinity of a soil and that of 
the rock from which it is derived. According to Atkins (1922) 
there is in general a relation between “ acidity ” of rock and low 
pH value for the soil derived therefrom. But it does not follow 
that an acid rock will necessarily give rise to a soil of low pH value. 
Apart from local variations in the amount of humic acid and 
products of vegetable decomposition (ulmic he, acid, Merrill, l. c . 
p. 189), Atkins {l. c . p. 390) points out that e.g, wind-borne 
spray may substantially increase the pH value of an acid humus. 
In the present case this fact is of importance ( v . p. 1105). Atkins 
and Lebour (1923) have clearly shown that different species of 
snail are susceptible to different pH values, but in St. Mary’s 
it is very probable that spray-borne chlorine may make up for 
the lack of basic material in the soil which is due to geological 
formation. 

2. Vegetation* * 

Davey (1909) makes no distinction between the flora of the 
granite massif and the slaty lowlands of W. Cornwall, and we are 
unable to find any exhaustive comparison of the two. We are 
not convinced that the difference e. g. between slate and granite 
is of as much importance for plants as that between other 
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•ecological factors. At present it is impossible to say liow far the 
typical siliceous flora ( Ulex galii , J uncus effusus* Erica cinerea , 
Pteris aquilina , etc.) (Tansley, 1911, p. 135) is restricted to the 
granite massif. Ulex galii and J uncus efftisus at any rate both 
occur on the slate according to our observations. 

To judge the effect and importance of geological formation ue 
may propose a number of questions, the answers to which should 
clear up the main issues : — 

(1) Apart from the different representation of the various sjwcies 
in St. Marys and Land's End, are there in the total population 
under consideration any forms with exclusive preference for any 
particular soil ? 

To answer this a statistical comparison was made between the 
number of times each species occurred on each type of soil. 
The result is that no case of exclusive preference was found, 
though several preferences and several avoidances were strongly 
marked. The most striking cases are : — 


L . maximus Marked preference for granite. 

Hy. nitidula Avoids drift *. 

A, suhfuscus Avoids diabase. 

Avoids drift. 

II. virgata Avoids granite and avoids slate. 

Marked preference for drift. 

II. caperata Avoids diabase and avoids slate. 

Fairly marked preference for drift. 

0. harhara High preference for drift. 

II. alliaria Avoids granite, avoids drift. 

Marked preference for slate. 

A. qranulata Avoids diabase, avoids slate. 

IT. striolata Avoids granite. 

L. umhilicata Avoids drift. 

M. sowerhyi Marked preference for granite. 


It seems that as far as occurrence on St. Mary’s is con- 
cerned the only critical case is II y. alliaria , which in the total 
number of stations had a high “ slate-preference.” The result is 
that we find it very rarely in the St. Mary’s records, in fact only 
once. Apart from this case there is no instance of a snail having 
any preference to which residence in St. Mary’s should prove 
objectionable on grounds of the soil. 

(2) In the case of the forms which differ structurally in Scilly 
and Cornwall , are the differences correlated with any differences of 
occurrence on geological formation ? 

* In making this calculation we have joined under the term " drift ” all the 
stations on alluvium, gravel, sand, and “ head.” The tom is not very suitable as it 
usually has a more limited sense than that employed here. But it is the most 
appropriate which we can find. In practice nearly all these records are from 
sandhills. For the time being we do not differentiate between the various elements 
described as drift* e. g. whether “ drift ” means sandhill or gravel pit. The main 
contrast in considering is between granite, slate, and drift, 

73 * 
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When the individuals of a species from Land’s End differ from 
those found in St. Mary s we cannot show that such differences are 
correlated with the occurrence of such forms on different soils. 

(3) Are there any differences in the structure of snails from the 
granite of Land's End and those from the slate of such an order 
that they exceed those between the granite of St, Mary's and that of 
Land's End ? 

At present this question cannot be answered as the individual 
lots from slate and granite are not large enough to be compared. 
In three cases in which fairly large numbers are available there 
are no such differences. 

(4) Is any species found on a given soil more frequently in Land's 
End than in Scilly ? 

The question was dealt with as in the case of No. 1. The per- 
centage incidence of the species on the various formations in the 
two areas was calculated and compared with the actual percentage 
of such soils in the total number of stations. Slate and drift are 
treated as ki non-granitic.” The answer to this question is quite 
definite. The percentage incidence in the two areas is not the 
same ; for in one or two cases a form may have a different 
preference to granite in St. Mary’s and Land’s End, e. g. 
Hy. draparnaldi and A. agrestis; or, as in the case of L. umbili - 
cata , granite may be preferred in St. Mary’s and non-granitic soil 
in Land’s End. There are actually thirteen species which show 
such differences in preference. 

5. The Past History op the Scilly Isles. 

It would be of great interest if we could ascertain bow long the 
Scilly Isles have been isolated from the Cornish mainland by the 
present channel, as we might with certain qualifications obtain 
by this means a measure of information on the local rate of 
evolution. This subject, however, is very obscure, and we do not 
feel confident that any definite date cun be yet assigned to the 
subsidence which separated Scilly from Cornwall, There are, 
however, certain indications (1) that the present fauna is post- 
glacial, and (2) that the subsidence may be of Neolithic date* As 
the matter is still very uncertain we only present the evidence in 
an abbreviated form. 

(1) It is impossible to make use of the u Lyonnesse ” tradition 
of extensive submergence west of Land’s End in historical 
times. Though legend may be an important source of historical 
evidence, in the present case the story of the Lyonnesse sub- 
sidence is neither specific enough nor consistent (cf, TJssher, 
1879). The attempts to identify the Scillies with the various 
islands referred to by the ancient geographers (Diodorus Siculus, 
Strabo, etc.) are not very successful. But we cannot ignore the 
fact that somewhere about the beginning of the Christian Era 
there was a group of islands approximately in the position now 
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-occupied by the Bcillies. The fact that tin was said to be obtained 
from these islands, though there is scarcely a trace now, is not 
very important as the (Jassiterides as a trading area may have 
included the tin-bearing coastal parts of the mainland (cf. Carne, 
1822, p. 354). One is therefore inclined to believe that the 
Lvonnesse legends arc* more likely to relate to small local sub-* 
sidences of the Cornish coast foi which definite evidence is 
available, than to the severance of the Bcillies from the mainland, 
which probably took place long before the first century B.O. 

(2) Argument from the depth of a channel to its age is a very 
insecure method unless accompanied by some knowledge of the 
local conditions (e. <y. effects of tidal scour or sedimentation). 
The Scilly channel lias an average depth of about. 36 fathoms, 
and is therefore much deeper than the Straits of Dover, and 
about equal in depth to the Pentland Firth. If this depth 
really represents the depth of the actual subsidence, and has 
not been modified either bv subsequent excavation or by the 
iilling-in of an originally deeper channel by deposition, we must 
look for evidence of a land movement of some thirty fathoms 
(180 feet). The Scilly channel is not one in which much 
deepening would occur, as it is not a narrow strait. Dr. G. II. 
Fowler informs us that the evidence points in most [daces round 
these coasts to fluctuations between eiosion and deposition. We 
therefore tend to believe that the Scilly channel may represent 
the actual depth of subsidence. 

Before we consider the vertical movements of the coast-line in 
this area,” it is as well to point out that the evidence of the glacial 
drift on Stilly is negative. The occurrence of glacial deposits 
with chalk flints, greensand, chert, and sandstone debris recorded 
in the Geological Survey Memoir (Barrow, 1906, pp. 21-23) is 
stated by Barrow ( l . c. p. 27) to he due to transport by floe-ice. 
If this is true it does not follow that the islands were separated 
from the mainland when this deposit was laid down, for a deposit 
similar to part of the Scilly drift is found on the coast of Brittany 
(Barrow, l. c.). There is no trace of the action of land-ice in this 
area (Barrow, L c . ; Reid and Flett, 1907), so that we are deprived 
of evidence from that source. 

There are two main epochs of submergence to which we may 
appeal for the separation of the islands : — that of Pliocene times 
((Barrow, L c . p. 15) and the general evidence from Cornwall (cf 
Dewey, 1909 ; Reid and Flett, L c. p. 71)), and a subsidence of a 
comparatively recent date f? Neolithic) the effects of which are 
also seen in S. Ii'eland, S. Wales, and Cornwall and in other parts 
of the British Isles. The ascertained (but not of course the 
actual depth) of the latter is about 40 feet (Barrow, l . c. p. 33), 
though Mr. H. Dewey informs us that evidence of a deeper 
submergence is found in deposits near Helston giving about 
100 feet. This might give us some 16 fathoms, or half our 
inquired depth. As for the Pliocene submergence, all we know 
is that the Cornish land surface was originally very much louer 
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and that there has been an elevation of some 430 feet at least- 
We do not actually know if this elevation ever brought the 
islands into contact with the mainland. 

We are therefore unable to speak with any certainty as to the 
date of separation, though before the Neolithic subsidence of J6 
fathoms the distance of the channel would be considerably reduced 
by the fact that the Seven Stones and other shoals would probably 
be dry land. It is very pertinent, however, to point out that if 
Barrow’s views (1. c.) as to the action of the floe-ice in depositing 
the “ Head *’ is correct, then the islands must in Glacial times 
have been scoured by the masses of ice that swept over them, and 
in all likelihood the mollusc population would be very much 
diminished, even if it escaped total destruction. If the »Scillie& 
were subject in glacial times to the same conditions as hold today 
in Spitsbergen or South Georgia, it is almost certain that the 
major part of the old land and freshwater population of mollusca 
would have been destroyed. 

6. Disturbance of the Fauna by Human Occupation. 

The Scilly Isles have been occupied by man since prehistoric 
times to judge by the occurrence on them of tumuli and kistvaens 
probably of Bronze Age. In the early Middle Ages Trcsco Abbe} r 
was of some importance and was probably in constant communi- 
cation with the mainland. Later the islands were of some 
importance as a point of naval strategy. It is therefore possible 
that chance importation might bring in mainland snails, though 
we think that, unless fodder or vegetables were imported on a 
large scale, this is unlikely. The introduction of exotic or 
continental plants into the gardens of Tresco has not so far led 
to the finding of any exotic snails, as it has of insects ( e.g . the 
New Zealand scale-insect, Eriococcus hoheriw). Mr. G. W. Gibson 
tells us that newly -lifted bulbs are brought over from the main- 
land, and we are informed by Mr. J. 0. Fryei' that all the insect 
pests of the mainland have been introduced. No evidence of the 
actual introduction of snails in recent years is available ; but such 
introduction is possible. However, the horticultural trade is 
comparatively recent, dating to between 1864-1893 (Somerville, 
1893, p. 119), so that this source of contamination is not likely 
to have had much effect. In any case it is not likely to have had 
any effect whatever on the majority of species which live away 
from gardens. We can offer then no evidence that introduction 
of snails has not occurred ; but it seems to us very improbable 
that the ordinary accidents would bring in enough immigrants 
to alter the population substantially (except possibly in the 
special case of certain slugs). Certain of the insular forms 
descril>ed above show differences of more or less undoubted 
significance. The common H. asperm is among these, some of 
the widely distributed forms of which are absent. The common 
and widely distributed Cepm kot'tenw is absent, as well as two 
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garden species of Testacella and Arion circumscripius, all of 
which, if artificial introduction were in operation, should in 
normal expectation have turned up on St. Mary’s. 

7. Summary and Conclusions. 

(1) A preliminary survey of the land and freshwater mollusca 
of the island of St. Marys (Scilly Isles) and the Land's End 
district west of Lelant and Marazion has been made, and the 
structural divergence between the insular and mainland fauna is 
record ed as far as it appears significant. 

(2) The habitats occupied by these forms and tho incidence of 
the latter on the various geological formations of this district are 
recorded and analysed. 

(3) A preliminary estimate is made of the differences between 
St. Mary’s and Land’s End in climate, soil, flora and fauna. It 
is concluded that as far as the mollusca are concerned the 
following characteristics of St. Mary's are important: — 

(1) The dry, warm and equable climate ; 

(2) the lack of trees; 

(3) the probable occurrence of spray-borne chlorine over 

the whole surface of the island ; 

(4) the lack of carnivorous beetles and small rodents. 

We believe that (3) more or less may counterbalance the low 
pll concentration of the soil resulting from the granite formation. 

(4) The species of snails are only slightly less numerous in 
St. Mary’s than they are in Land’s End, though they are only 
half as numerous as the total number recorded from West 
Cornwall. 

(5) Structural differences between the insular and mainland 
snails are noticed in twelve cases, and, as far as we can say at 
present, very few of these peculiarities occur elsewhere in the 
British Isles or Europe. The evolutionary significance of these 
differences is obscure at present and steps are being taken to 
procure more material for their statistical treatment. But in 
most, if not all, cases the differences are neither of specific nor 
even of varietal rank, but seem to be of the order usually found 
between isolated colonies in the same area. 

(6) These structural differences cannot at present be related to 
any particular difference in habitat or environment. Differences 
of association and habitat, however, are obviously being formed 
in the island. 

(7) The fauna is probably post-glacial in age, as we believe that 
the Pleistocene fauna was swept away by floe-ice grounding on 
the Scilly area, or by the general glacial conditions. 

(8) The islands were probably separated from the mainland in 
Neolithic times, but this point is uncertain. Since that date we 
believe that mainland forms may have been introduced from 
Cornwall ; but we do not think that such introduction would have 
a marked effect on the Mollusc fauna. 
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58. Observations on the Mating Habits of some Web- 
spinning Spiders. By G. H. Locket, B.A., with 
some corroborative Notes by W. S. Bristowe, B.A.* 

[Received June 2, 1926 : Rend November 16, 1926.] 

(Text -figures 1-4.) 

The following observations are concerned chiefly with the 
mating habits of various spiders, and particularly with pre-coition 
activities and courtship. I have, however, added other notes 
about the care of the young and so on in some cases. 

Mr. W. S. Bristowe, to whom I showed this paper, has very 
kindly supplied me with some notes of his own on some of the 
species 1 have studied. His observations were made in 1920 and 
1921, and appear now for the first time. Naturally, l am very 
grateful to him for allowing me to include his independent 
observations, which must enhance the value of the paper. 

The study of the mating of spiders has yielded results which 
are of considerable biological importance, and which give us 
information about the mentality of these animals not easily 
obtained by the study of their ordinary every-day activities. 

In spiders possessed of a sense of sight, mating is often 
preceded by a display on the part of the male, the best examples 
being found among the Attidfe, studied by the Peckhams (1890). 
The Lycosidae were studied by Montgomery (19011, 1908, 1909, 
and 1910), and a paper has just been published by Mr. W. 
S. Bristowe and myself, where Mr. Bristowe has indicated the 
lines along which these display movements probably evolved. 

The web-spinners so far as we know possess no power of 
distinct vision (beyond a very short distance), and correspondingly 
no display in the ordinary sense exists. However, as the 
Peckhams pointed out (1890), in such spiders the male communi- 
cates with the female by means of vibrations in the threads +, 
and a “ tactile display ” is at all events a possibility. A number 
of points arise from my observations which will be discussed 
when the actual facts have been related. 

The species studied are very different, but are considered 
together for purposes of comparison. They include Theridion 
sisyphium t T. Ihieatum , T, denticulalum , Steatoda bipunctata , 
Linyphia clathrata , L. triangularis , Z. leprosa, Zilla x-notata , 
Epeira cucurbitina , Dictyna latens r 2). uncinata, Amaurobius 
similis , and Agelsna labyrinthica. 

Theridion sistphium (Clerck). 

This spider is exceedingly common on bushes and hedgerows 
during the summer months. It is mature in early June, when 

* Communicated by Prof. Julia* Huxlbt, F.Z.S, 
f Vid* also W. S. Bristowe (1 loe . eft.). 
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mating takes place. T have observed the mating, with specimens 
kept in captivity in a triangular glass case, on June 12th, 14th, 
and 15th (1925). 

On introducing the male to the female’s web both spiders at 
once showed evident signs of excitement. The male wandered 
about making movements with his palps, his abdomen pulsating, 
while the female shook the web with quick motions of the legs 
(which she never does under normal circumstances), her abdomen 
also vibrating. These shaking movements then gave place to 
curious rhythmic movements, and the male, apparently guided 
by them, gradually made his way to the female, and an interplay 
of legs ensued. He then turned round and walked away, but 
soon came back. (On two occasions during his wanderings he 
stretched out all his legs, exactly as when casting a skin, and 
trembled violently.) The same interplay of legs now took place, 
whereupon the male felt the female’s sternum and the under- 
side of her abdomen (now uppermost, since both spiders were 
inverted in the web) rapidly with both palps. He apparently 
had difficulty in finding her epigynum, probably on account of 
her movements, which were continuous, and he kept pushing his 
palp along the underside of her abdomen. At last his left palp 
was applied ; then followed an interplay of legs, and the right 
palp was applied. During each application the female became 
rigid and immobile, her palps and front legs extended stiffiy 
(text-fig. 1). The male now' retired to a distance of about 1 inch, 
and proceeded to make a tiny bridge of several strands of silk 
across two strands of the web. He rubbed the underside of his 
abdomen against this, depositing a minute white opaque drop 
of sperm, which could be seen distinctly under a lens, and to 
which the palps were applied alternately with a quivering 
movement. All this time the female was making jerking or 
rhythmic movements. The male now approached the female and 
mating followed exactly as before. The following is a summary 
of the mating for as long as I watched it : — 

Male approached ; left palp applied 7 secs., right for 5 secs. 

Retired and took up sperm in palps. 

Male approached again ; palps applied 6 and ] 2 secs. 

Retired and took up sperm (at another place). 

Male approached again ; right palp only (8£ secs.). 

The whole proceeding was then repeated six times in one hour 
forty minutes, when I ceased watching. Every application of 
the palp was accompanied by the usual inflation of the bsemato- 
docha. On no occasion did the male apply either palp more 
than once before recharging it with sperm, which is most unusual. 

An interesting point is the part played by the female in the 
courtship (if we may thus describe the pre-nuptial movements). 
It is quite as important as that of the male, since he could not 
find her easily unless she made rhythmic movements. If a male 
is put into a female’s empty web, he is excited (as shown by his 
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abdomen pulsating) and searches about in all directions for her. 
Also her movements probably have a stimulating effect while he 
is recharging his palpal organs. 

The mating appears (except for relative positions during 
copulation) to be very similar to that of Theridion tepidariorum, 
observed by Montgomery (1903), and resembles that of Theridion 
denticulatum (Walck.), observed by Borland (1914), except that 
in the latter species sperm induction appears to be much less 
frequent. 

Text-figure 1. 



Theridion tiny phium. Relative portions of $ and $ during copulation. 
(Limbs on near side only are drawn.) 


The first batch of eggs of Theridion sisyphium are laid about 
the middle of June (e> g. 15th and 17th), and other batches often 
follow later. The mother encloses the eggs in a greenish cocoon r 
which she guards under a kind of tent surrounded with bits of 
leaves or dry bodies of flies etc. She is very much attached to 
her eggs and, if they are removed, searches with her palps all 
over the tent for them. If they are returned within about 
72 hours, she will seise them and retain them. If a longer period 
has elapsed since their removal, she is reluctant to take them 
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back and very soon rejects them. Experiments of a similar 
nature on various Lycosidee and Theridion globosum (Hentz) 
{1887) Jed the Peckliams to the conclusion that the spiders 
remembered their cocoons up to the time at which they refused 
to accept them. I think there is no doubt whatever that this 
is not a case of associative rnemoiy at all. The spider at certain 
seasons reacts directly to the feel or smell * of its cocoon, and 
the power to react will persist for a time after its removal. 
When new eggs begin to develop (which presumably happens 
when the 72 hours have elapsed, since spiders of this species 
which had refused their cocoons very soon laid more eggs), the 
reaction to a cocoon will be in abeyance until a new one is 
formed. 

The first batch of eggs hatches about the first week in J uly, 
and then begins a very curious family life of a kind very rare 
among spiders. It was noted by Blackwall (18G4) and by 
Pickard-Oambridge (1879) that the young lived with their 
mother until they were quite large ; indeed, the fact is well known 
to araohnologists. One or two notes J made in 1923 and last 
year (1925) may, however, throw a little more light on the 
question. When a tiy becomes entangled in the web the mother 
runs out and secures it in the usual manner, <• e . throws viscid 
lines onto it with her back legs until she can approach, then 
bites it, usually in a projecting limb ; the poison is powerful and 
the fly is motionless, as a rule, within five minutes. The young 
spiders (even though just out of the cocoon) then find their way to 
the tiy ; how I cannot say, but guided probably by the movements 
made during its capture The mother begins to move over 
the body and bites it in a number of places (this she does not do 
if she has no young, but restricts herself to two or three spots). 
The young were watched with a horizontal low-power microscope. 
They crawled over the surface of the fly, feeling it with their 
palps, and stopping to apply their mouths to soft spots such as 
joints and particularly to holes made by the mother ; rhythmic 
motions, due to sucking, would then follow. On several occasions 
this year I found two or three young spiders collected round the 
mother when she was not feeding, and on examining them with 
a microscope found that their mouths were applied to hers. 
Presumably then she was feeding them. I have never heard of 
another instance of this habit among spiders. 

The growth of the family is most interesting to watch. The 
method of attack peculiar to Theridiidee is used right from the 
beginning. Even the very young spiderlings are to be seen 
busily throwing their tiny viscid lines onto the struggling fly 
that their mother is securing. Later in life their assistance may 

* With Lycosid® (which will take paper pellets, snail shells, etc*, instead of their 
cocoons) smell cannot oe operative, but the feel of a round object of about the right 
size will produce the reactiou. Theridiid* (which live in more intimate contact 
with their cocoons) are more particular as to their texture, and refuse substitutes. 

t In some cases the fly is taken back to the nest, but often not. 



HABITS OF SOME WEB-SPINNING SPIDERS, 


1129 


b© of real value to her. The members of one family, whose 
mother I removed when they were large enough, continued to 
live together. They were often quarrelsome while attacking the 
same fly, and threw viscid lines at each other long after their 
prey was motionless. However, they were quite immune to one 
another’s attacks. Their legs will not stick to the lines, provide* l 
they are passed through the jaws from time to time (which 
Hingston (1923) showed was the case with Nephila maculata ), 
and a particular spider appears to fear his brothers’ viscid lines 
no more than his own. This seems to me a very important fact, 
because a Theridion never bites until bis victim is partially 
incapacitated with the viscid lines. Thus spiders so defended 
ono against the other can live together and gain the advantages 
of their mothers web. Moreover, we may have hero a basis for 
what appear to be truly social habits in species such as T . eximium 
(Keyserling), observed by Simon (1892). Blackvvall mentions a 
family life as occurring in T. lineatmn and T. riparium (Blackw.), 
and Bristowe (1924) records it in T, pielum ; so it is fairly 
frequently found among Theridiidte. For purposes of comparison 
I kept some young of Epnra cncurbitina together in one vessel 
(they soon disperse in nature) and fed them on gnats and small 
flies, which were set upon, killed, and eaten by several of the 
young spiders together. They frequently attacked and sometimes 
killed each other, but common life of a sort was possible. The 
fact that these spiders usually bite straight away without trying 
to enwrap their prey, however, precludes the possibility of 
continued family life. The irregular nature of the webs of 
Theridiidie may also account for the persistence of the habit with 
them ; Mr. W. 8. Bristowe (1924), in speaking of contiguous webs 
of Epeira greyed is and Photons phalanyioides , suggests that an 
advantage is gained in increased strength and economy of 
tie-lines. 

Theridion uneat um (Black wall) (== Phyllonethis linecctum 
(Thorell)). 

This species is found commonly on low-growing plants in 
hedgerows, and reaches maturity about the middle of July. Its 
movements are curiously slow compared with those of other 
Theridiida;, hut it spins and captures its prey in the same way. 

Mating . — On August 2nd a male was introduced into a female’s 
web. He began walking about in a curious jerky manner, his 
abdomen first pulsating and then vibrating very rapidly, fie 
approached the female, who made two or three jerks on the web ; 
he circled round, approached again, caressed her with his front 
legs, then approached closer and applied his palps alternately. 
The relative positions of the male and female were now the 
same as in Theridion sisyphium. 

Applications: — Left palp 10 times, right palp 10 times. 
Average duration 10 seconds. 
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The female then moved suddenly and the male dropped, but 
approached her exactly as before and applied his palps. 

Applications: — Right palp 40 times, left palp 4T times. 
(Applications not always with alternate palps ; they at first lasted 
about 12 seconds, but mostly for 5-7 seconds.) 

Total time for mating 12-15 minutes. 

The female now suddenly started to attack the male by 
throwing viscid lines onto him, and he was removed. He had 
already mated with another female who had treated him in 
exactly the same way, and he would certainly have perished had 
I not removed him. 

ThEEIDION DENT1CULATUM (Walck.). 

This species is common in windows of houses. The mating 
was described by Berland (1914), and my own observations entirely 
agree with his. 

The first eggs are laid in May (25th and 27th) and are enclosed 
in a greyish cocoon. They hatch in just over a fortnight. 
During this time the mother remains with them and builds a 
sheet which protects her and them. She takes no food until the 
eggs are hatched, when she often leaves them. The young soon 
disperse, and there is no kind of family life. One female I found 
turning over her cocoons of eggs (which were not fertile) and 
solemnly biting each egg with her fangs. She felt the cocoon all 
over, and turned it repeatedly to be sure of missing none. I do 
not know why she was doing this, unless it is that the mother 
has to release the young from the cocoon, and therefore remains 
with them until they are hatched. This would account for the 
protecting sheet, which would prevent her getting separated in 
any way from the cocoon. I have found dead young in a cocoon 
taken some time previously from a female of Theridion sisyphium, 
so that it seems likely that mothers do have to liberate the 
young. Emerton (1883) observed a Theridion gnawing her 
cocoon shortly before the young emerged. 

The following is Mr, Bristowe’s account of the mating of this 
species : — 

“ My observations on Theridion denticulatum also agree, so far 
as they go, with Berland’s. I placed a male in the web of a 
female with which he had copulated earlier on the same day 
(April 25th, 1920). He advanced, giving twitches of his abdomen 
at intervals, until he was quite close to her, and then she herself 
crept beneath him (they were both in an inverted position). The 
insertion of a palp consisted of little more than a lunge at the 
female vulva accompanied by one or two rapid vibrations of the 
abdomen, during wbich\time the hsematodocha rapidly swelled 
out and collapsed. Each palp was inserted several times before 
it was changed for the other/’ 
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Steatoda bipunctata (Linn.). 

This spider spins an irregular snare which is commonly found 
in corners of outhouses. 

Mating . — The spiders mate after dark. On putting a male 
into a female's web, he walked about with a peculiar gait while 
«he made a series of sharp plucking movements on the web. 
Whenever they encountered each other there ensued what can 
only be described as a wrestling match ; but there was no attempt 
by the female to attack the male, which she would have done by 
throwing viscid threads onto him. The actions of the male now 
became a little more definite ; he walked backwards and forwards, 
.spinning over a small area, the female making plucking move- 
ments and sometimes approaching him, when an interplay of 
legs, palps, and even jaws would again take place. After about 
-a quarter of an hour of this spinning, the female approached and 
there was the usual interplay of legs ; the male then extended his 
palp and applied it rapidly to her epigynum. The movement 
was most curious, and reminded one irresistibly of a fencer 
making an attack. He repeated this with the same palp five 
times, put it through his chelicerae, did the same thing another 
five times, and so on. Whenever he stopped to put his palps 
through his jaws the female appeared very excited, making 
plucking movements continuously ; but she was quite motionless 
when he was actually applying his palp, which was only in contact 
with the epigynum for about half a second at each application. 

1 do not think this constituted the whole mating, since there 
was no inflation of the males hsematodocha (cf Einerton on 
Steatoda borealis (1882), where the male’s palp was applied for 
one hour). I am therefore very grateful for the following details 
of Mr. Bristowe’s observation (although he also makes no mention 
of the swelling of the hffimatodocha) : — 

“ My observations ou Steatoda agree fairly closely with yours, 
especially as to the spinning of web by the male iu a fairly 
methodical way in one small portion of the snare. I observed 
the courtship and copulation on March 11th, 1921, the latter 
taking place in the afternoon (L e . in daylight). In my case the 
male had to coax the female out from her retreat. This he did 
by repeatedly entering her tubular retreat, vibrating his legs 
slightly as he did so, and then coming outside again. Eventually 
she did come a little way out, plucking the web with her legs as 
she came. He approached with one palp iuised and the other 
lowered, and then, when in reach, made a violent lunge with the 
former at the female's epigynum. These lunges were repeated 
every three or four seconds for a quarter of an hour, the palpi 

occasionally being changed. At the end of this time the male 

left her and descended an inch or two lower down the web. 

The female followed him, plucking the web as she advanced 

with her front legs, and presently he returned to her, and further 
applications of the palpi ensued — this time for just over an hour. 
After copulation the male remained in an upper corner of the 
*web for half an hour and then left it." 
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The female I kept (which was mature when captured) laid 
two batches of eggs before this mating, and both were fertile ; 
consequently one mating is sufficient to fertilise two batches of 
eggs at least. The male and female lived together after mating* 
the male sometimes eating flies which the female had left. 
Probably the male would normally wander, which was not possible 
for him while under observation. 

Linyphia clathrata (Sund.). 

This species spins a sheet-web among low-growing plants. The 
following is an account of the mating, which I watched on 
May 26th (1925) : — 

I found a male making a hole in a female's web (which was 
among some plants in a hedge) and enlarging it by walking 
round, biting away the sheet. When the diameter of the hole 


Text-figure 2. 

/- 

. / 



Linyphia clathrata, Silk bridge and platform constructed 
by S tor sperm-iuduction. 


was about half an inch, he drew threads across it in the shape 
of a Y with a little platform of silk in the fork (text-fig. 2). 
He got above this platform (normally, of course, these spiders 
run on the under surface of the sheet), facing in the direction 
of the arrow, and moved himself backwards and forwards for 
one and a half to two minutes, the underside of his abdomen 
being against the platform. He then got below (still facing 
in the direction oi the arrow) and put his palps round the 
platform so that they sucked up the sperm, deposited there, 
from above. The palps were applied rapidity and alternately a 
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number of times. The male then started wandering about the 
web ; the female came in his direction and mating started, 
but was interrupted almost at once, and the male once more 
charged his palps, and again the female approached him. The 
female when they finally separated was obviously excited, and 
walked about palping the web, her abdomen pulsating. She 
ran around the periphery of the web while the male tended to 
follow her more slowly along the inside. He soon returned, 
however, to the hole he had made, and, by drawing threads across 
it repeatedly, closed it up completely ! He had been leaving a 
few threads on the web in his wanderings, but this mending had 
the appearance of a deliberate act. 

Montgomery (1903) observed a similar thing in Theridion 
tepidariorum , and the explanation is probably quite simple. The 
male, although he spins no proper web when mature, is yet 
susceptible to imperfections in the female’s web, and the hole 
reacts on him as of old and causes him to close it up. The male 
now continued to pursue the female a little, but soon climbed up 
a dock leaf and left the web. 

Details of Mating . — During the second sperm induction there 
were 15 applications of each palp to the sperm in 1 J minutes. 

Copulation . — Relative positions as in Theridion sisypkium : — 

22 applications of right palp. 

23 applications of left palp. 

Applications were alternate and lasted 6-1 3 seconds. 

The whole observation lasted about three quarters of an hour. 

Mr. Bristowe’s account is as follows : — 

u On March 23rd, 1921, I watched a male Linypkia clathrata 
courting a female for some considerable time, but copulation did 
not take place while I was there. In this instance the male 
courtship appears to have been more pronounced than was the 
case in the one you describe above. I placed the male in some 
outlying strands of a female’s web, and after carefully feeling it 
with his palps he advanced and climbed onto the upper surface. 
He walked about until he found her, and then went to the 
edge and returned to the underside of the web. After a brief 
pause he advanced, gently shaking the web ; she fled ; again he 
paused and then gently touched the web, first with his palps, 
then his legs ; these actions became more rapid, and very slowly 
he began to advance with quivering abdomen and palpi. Per- 
forming these motions he circled round the female, who remained 
motionless in the centre of the web, anchoring a thread he was 
trailing every few steps be took. After he had performed two 
circles round the female he stopped, and then a new set of 
motions were noticed. He stretched his front legs out in front 
of him and alternately bent them inwards, the tips of the legs 
remaining fixed to the web ; then, letting go with his front legs, 
he began to rock up and down in the web, at first gently and 
then more rapidly; finally, with some twitches of the abdomen 
Paoo. Zool. Soo.— 1926, No. LXXIT. 74 
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End some movements of the palpi, he catne to a standstill. With 
short pauses in between each, these rocking motions were repeated 
over and over again.” 

Linyphia triangularis (Olerck). 

This spider is exceedingly common on bushes and in grass, 
and is mature in the first weeks of August. The falces of the 
male are curiously long and conspicuous. 

Mating . — The male was put into a female’s web (in a glass 
case). She approached him, and he began to walk about on the 
web, his abdomen pulsating. From time to time he moved his 
palps along the front of his falces and rubbed the falces all over 
the surface of the palpal organ. He approached the female, 
several times touching her with his front legs. She made no 
objection and showed no hostility towards him. Finally the 
male approached again, and after feeling her sternum with the 
back of his palps began to apply them alternately to her epigynum. 
During this process the whole palp and palpal organ are twisted 
so that the style and its sheath, which points inwards when at 
rest, in copulation tends to point outwards. The whole organ 
is completely removed from its normal position, the inflation of 
the hsematodocha being very large. When the palp is removed 
the twisting movement is reversed and a further spiral movement 
of the style can be seen taking place; a small white process 
which is left exposed in the immediate neighbourhood of the 
style is rubbed with the falces until it disappears. 

This passing of the palps by the male through the chelicerae 
occurs during mating in all the spiders I have watched. In this 
case obviously the organ has to be carefully rearranged after 
•each application, and it is possible also that the style must be 
lubricated to some extent by fluid from the mouth. 

A male on being put into the empty (imperfect) web of another 
male became slightly excited (as shown by pulsations of the 
abdomen), but he was very much more excited when placed in 
the empty web of a female. It is probable that smell stimulates 
him, and in that case it must be left on the female’s threads. It 
has been shown (Bristow© and Locket, 1926) that among certain 
of the Lycosida the male is stimulated by the smell of the female 
and also by that of other males ; and here we have, I believe, 
another example, although in this ease one cannot remove the 
possibility of a tactile stimulus from the thread itself. 

Linyphia lepbosa (Ohlert). 

The mating of this very common species appears to resemble 
those of the other Linyphiidse observed. The male approached 
the female and touched her with his front two pairs of legs, 
which trembled violently. He then retired and began some 
spinning operations in the tube (where the female’s web was 
constructed), possibly for purposes of sperm-induction, returning 
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frequently to the female, who appeared excited also. Part of 
her epigynum, which is large and conspicuous in this species, 
was extended in a curious manner during the male’s advances, 
while after mating it was found to be in its normal position again. 
(I had observed the same thing to a less marked extent in Epeira 
eucurbitina (v. p. 1136)). This is interesting as being concrete 
proof of the stimulating effect of the male’s advances on the 
female. 

The whole mating was not watched, but it lasted several hours ; 
the following morning the female was found eating the male, 
whereas she had shown not the slightest sign of hostility before 
mating. 

ZiLLA X-NOTATA (Clerck). 

The mating of this extremely common spider presents some 
points of interest. It can often be watched during the evenings 
in August with specimens that build their webs outside (or 
inside !) windows. The male climbs to the centre of the females 
weh and usually seizes the line communicating with the female’s 
hiding place with his four front legs. With his back legs he 
seizes one of the adjacent radii at the centre and starts a series 
of jerking and plucking movements on the communicating line, 
using himself as a sort of spring at the angle of the radii. If 
the female does not respond lie then usually climbs to her retreat, 
but returns again after an interplay of legs. Sometimes he stops 
and rubs two adjacent legs together (observed among other 
spiders, particularly Lycosidae). Eventually the female comes 
out, also making plucking movements, and, after a short inter- 
play of legs, the male begins making thrusts at her epigynum 
(cf. Steatoda bipun data) ; the palps are then applied alternately. 
Applications last from 25 to 70 seconds, the female remaining 
quit© rigid with the front legs extended out sideways. 

If the male does not encounter the female until he has entered 
her retreat, he turns round, retires, and approaches again until he 
meets her oui&ide {cf Bristowe (p. 1131) on Steatoda hipunctata). 

A male on being put into a female’s empty web started his 
movements as usual, and, there being no response, ascended to 
the female’s empty retreat and gradually entered. 

The mating of Zilla calophylla (probably = Zilla alrica (Koch)) 
was observed by MacCook (1890), but he does not state 
whether the female in his bottle had constructed a snare. 
Here again the female “ excited her spouse to approach her ” 
hy movements of her feet. 

The following is Mr. Bristowe’s account of the mating : — 

“ I have twice seen the courtship and copulation of Zilla 
x-notata (at the beginning of October 1920). In each case the 
male enticed the female out from her tubular retreat, in one case 
almost immediately by tweaking the web, in the other only after 
considerable delay. On first entering the web he tweaked it 
^several times without any result ; then he danced up and down on 

74 * 
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one of the lines by alternately pulling it taut and letting it go r 
and finally he succeeded in luring her out into the open by 
climbing to the entrance of her retreat and rapidly plucking the 
strands with his legs. After shaking the web and pulling at 
the lines once or twice, as though making certain of his identity r 
the female hung down motionless and awaited his approach. 
The palps were alternately inserted for about a minute at a 
time.” 

Epeira cucurbitina (Clerck). 

This beautiful apple-green species is mature at the end of May 
or beginning of June. 

Text-figure 3. 

/ 


\ / 



Ejprtra eueurbitimx. Positions immediately before copulation, 

•bowing $ rigid and with limbs contracted. 

Mating.— A female had constructed a web in a triangular 
glass case end was well fed. A male was introduced who climbed 
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to some threads connected to the web a little above it and spun 
more threads there. He then started a series of jerking move- 
ments, to which the female responded from time to time by 
making jerkings of a somewhat similar nature, though often 
more violent. The male (head downwards) continued to make 
movements, which comprised a sort of continuous dance, for 
about a quarter of an hour, when he approached the female with 
outstretched trembling front legs. She gave a series of powerful 
jerks, whereat he retired ; both spiders continued their jerkings. 
Then the female came out to the male % and, after some rapid 
jerking movements, threw herself just below him in a crouched 
and rigid position, exactly as when “ feigning death ’’ (text-fig. 15). 
•She remained thus for about a second, during which time the 
male reached down and made three applications of the palps so 
rapidly that I failed to record the precise relative positions of the 
spiders. Whether this was the whole mating or not I cannot 
say ; the female laid six batches of fertile eggsduring the summer, 
but she was mature when captured and may have mated before. 

The mating of Epeira cucurhitina appears to resemble that of 
other Epeiridae, such as Epeira apoclisa , observed by Walckenaer 
(1837), and that of Epeira marmorea , Aero soma gracile *, Epeira 
labyrinihea , observed bv Montgomery (1903). In the latter case 
the female s legs during copulation were “ loosely flexed ” as in 
Tkeridion tepidariorum , but in the other three species the female’s 
legs were “ flexed close.” Short quick applications of the palps 
are the rule, as opposed to those of Zilla x~notata 7 which are 
prolonged. 

Dictyna latbns (Fabr.). 

The male and female of this species (as in i>. arundinacea and 
J). uucinata ) live together in one nest. I have kept them thus 
from the middle of June to August 15th (when the female died); 
but it is unlikely that they live together for so long in the 
ordinary way. They both spin the web peculiar to their family, 
and will attack the same fly (I have seen males overcome flies 
alone) and feed together. I once saw a hungry female drive a 
male away from a fly until she was satisfied, and one male was 
found dead and eaten in one of my cases, but if food is plentiful 
they appear to live happily together. Several cocoons are con- 
structed («. g . six or seven), each containing about six eggs ; it is 
possible that the female has to be fertilized for each one or two, 
but I have not yet determined this. The young soon disperse on 
hatching and are not tended or fed by the parents. 

Mating takes place frequently in June. There are practically 
no preliminaries ; the male comes right up to the female and gets 
underneath her and applies his palps one at a time. The relative 
positions are approximately as in Tkeridion sisyphium , except 
that the spiders are not inverted (cf. Montgomery’s figure (1903 )) 

* The relative positions during copulation are different in this species. 
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and the male’s right palp is applied to the right of the female's- 
epigynum. During the swelling of the hsematodocha the palp is 
turned over so that the outside of it comes against the female’s 
epigynum. A rapid play of legs by the male took place as he 
was changing over to apply the other palp. There were 4 and 3 
applications of the right and left palp respectively ; jerking move- 
ments occurred occasionally and pulsations of the male’s abdomen. 
The whole process took about a quarter of an hour. 

The male when he recharged his palps spun a minute sheet of 
silk, th'e edge towards which he faced being curved inwards. A 
drop of sperm was deposited on the sheet, and the palps appeared 
to be applied to the underside of the sheet. However, with 
I), undnata they seemed to be applied to the upper surface 
(and Montgomery (1903) has observed this in 2). volupis), but 
owing to the fineness of the sheet it was very difficult to make 
certain. The male showed considerable excitement during the 
sperm-induction, his palps and abdomen working continuously. 

The following are Mr. Bristowe’s observations on this species 
and on Dictyna arundinaceci : — 

“ Although I agree that courtship is not very marked 
in Dictyna latens , my observations show that there are some 
preliminaries, for the male has been seen on several occa- 
sions walking about in a females web with vibrating legs and 
occasional twitches of the abdomen. The female appears to 
recognize these as the signals of a suitor, for, sometimes without 
turning to meet him, she will respond with similar vibiations. 
The male does not seem to be at all frightened of the female, but 
advances and tickles her with his vibrating legs : this presumably 
has a stimulating effect upon her, and it is a very common 
occurrence in the courtship of spiders in general.” 

“ Dictyna ai'undinacea. — On being placed in the web of a 
female, a male advanced towards her with vibrating front legs, 
with which he proceeded to tickle her. She made no attetnpt 
either to escape or to attack, but responded by waving her legs in 
similar fashion, and then proceeded to turn her back on him. 
He continued to tickle her with vibrating legs, and, as before, 
she responded for a time and then turned away from him. This 
happened three times, and then he began bustling about the web, 
still with his legs vibrating excitedly, biting away threads which 
came in bis way and weaving fresh ones in the manufacture of 
what appeared to be a rough canopy. When, in the course of 
bis wanderings, he came across the female, vibratory salutations 
were exchanged. After he had completed his weavings the 
female approached and appeared to inspect his handiwork, and he, 
with vibrating legs and an occasional twitch of the abdomen, 
gently squeezed himaelr under her and inserted one of his palps# 
The above observations were made in the early summer of 1920, 
but whether the “ canopy ” was built for sperm transference or 
whether it was an accidental chance that copulation took place 
beneath it further experience alone can prove*” 
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Diotyna tiNCiNATA (West). 

Copulation was observed on June 11th and on July 13th (when 
young were hatched). I found a female with eggs on May 27th, 
so that the mating period lasts a considerable time. The common 
life is the same as in D. latens, the male and female often 
remaining motionless for long periods, their legs in contact. 
(Males and females of D. arundinacea do likewise.) Several 
cocoons were constructed each containing 6 to 8 eggs. 

Amaurobius similis (Blackw.). 

The males of this species are found wandering towards the 
end of August and September in large numbers in outhouses, 
and they may live for four or five months (they are still numerous 
in January and February*). 

The courtship is most marked. A male on arriving at the 
outskirts of a female’s web starts a series of synchronized 
plucking movements with both palps. As he advances he 
attaches a thread to the web, and his abdomen, pulsating with 
the usual excitement, causes a considerable area of the web to 
move also, which movement must be communicated to the female. 
I have watched specimens iu captivity. The female had woven 
her snare in a specially constructed case, and the male on being 
introduced proceeded as usual, getting more and more excited 
(even before any visible movement had been made by the female, 
who was in her retreat). He walked all over the web and into 
the female’s retreat, often spinning threads. The female soon 
began to move very slowly, following him about wherever he 
went and showing no signs of hostility to him (though she had 
driven away a male some days before). He retreated at first 
whenever h© touched her, but after about an hour of this 
behaviour seemed less afraid of her. He would stand on some 
of the threads he had made, making his plucking movements, 
which would become more and more violent and then suddenly 
cease, only to be renewed again almost at once. The female 
meanwhile slowly approached him (in verted) waving her fore 
legs. At first, he retreated on contact, but eventually caressed 
her and made a dab at the left of her epigynum with his left 
palp, approaching her fr om the side, (She was inverted in the 
web, while he was upright.) He retreated at once, and in about 
half an hour's time (during which neither spider stopped moving) 
again approached her (as she was approaching him) and again 
made a dab, this time with his right palp on her right and from 
the side. This action at once caused the female to attack him, 
and he ran away. I left them soon after this, and the female 
was eating the male the next morning. 

The courtship here appears to be analogous to those of 
Attid® and Lycos id®, and by it the male stimulates the female 

They may act be the same males of coarse, although I have kept males ia 
captivity for two and three months. 
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sufficiently to allow him to approach. Also tin excitement 
which the male appears to induce in himself seems to suppress 
his initial fear of the female. The conflict between sex reactions 
and fear reactions (the latter gradually giving place to the 
former) is most striking, and the way in which the sexual 
movements increase in intensity and then suddenly cease prob- 
ably indicates that the sex emotion has been temporarily 
dissipated by part of its physical expression. (Cf. the habit of 
many female spiders of eating the males after mating.) Such 
psychological conflict has been observed in higher animals, for 
instance in the Red-throated Diver by Professor J . S. Huxley 
(1922). In that case the conflict was between maternal instinct, 
which stimulated the mother to anger against an intruder, and 
fear. As soon as anger was dissipated by an attack, fear became 
dominant and led to rapid flight. 

The male of Amaurobius similis is stimulated by the female’s 
empty web (even when the female had been absent nearly a 
month), and goes through all his usual movements, but they are 
not continued for any length of time unless she is there. What- 
ever it is that stimulates the male is intimately connected with 
the threads of the female, since several males when put into a 
box recently occupied by a female, whose spinners had been 
covered with collodion, showed no sexual reactions, e\en when 
the female was put back. The male of A . ferox makes similar 
but more spasmodic movements, and the female I have never 
found to kill him, though one pair were in the same box for 
nearly a month. 

Agelena labyrinthica (Clerck). 

The mating of this species was observed by Menge (1843) and 
that of A. ncevia by Montgomery (19t>M) and MacCook (1890). 


Text-figure 4. 



(Limbs cm near side only are drawn.) 

In both cases the same thing happens ; the male tap the web 
with his palps as he approaches the female (cf. Campbell on 
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Tegenwia, guyonii (1882)), who, on being touched on her abdomen, 
•draws lier legs up and remains motionless as though “ feigning 
death ” (which A. labyrinthica does not do normally). She 
remains like this as long as the male is touching her. With the 
specimens I watched, the male carried the female about by 
seizing the femora of her 3rd and 4th legs in his jaws (text- 
fig. 4). Twice he carried her down the funnel-shaped tube at 
the corner of the web (observed also by Menge), but mating took 
place on the sheet. The rigid motionless state of the female is 
most striking, When they separated she immediately “ awoke M 
and chased the male about the web whenever he approached. 
-She then went through a curious motion that Mr. W. S. Bristowe 
and I have observed repeatedly amongst Lycosidre. The legs of 
each adjacent pair were rubbed violently together in turns. 
This has not previously been observed in a female spider, and its 
significance is at present obscure. On the day following these 
observations the female ate the male (also recorded by Mont- 
gomery for A. n&via). 

General Considerations. 

The facts so far discovered about the mating of web-spinners 
make it clear that, as pointed out by the Peckhams (1889) and 
MacCook (1890), courtship exists among these spiders and is 
carried on by vibrations of lines connecting the male and female. 
In a paper just published, Mr. W. S. Bristowe and I have 
concluded that among Lycosida? the function of the male’s display 
is to make himself recognized by the female and to arouse her 
sexual desires to such a pitch that he may approach her for 
mating, and that failure to make himself recognized by an 
adequate display may have fatal consequences for him. Beiland 
observed (1911) that the female of Dysdera erythrina becomes 
less agressive after caressess by the male. Such caresses always 
precede copulation in spiders, and constitute what we may call a 
*• pre-coition courtship ” as distinct from the display-courtship, 
which comes first (be it a true display or a ‘‘tactile display 99 
having the same function). 

Mr. W. S. Bristowe (1926) in discussing hearing in web- 
spinners says : — “ Spiders whether they can hear or not can 
■differentiate between the different kinds of vibrations set up in 
the web. This fact is of considerable importance to the male 
spider, whose distinctive 4 tweaks 9 and shakings are immediately 
recognized by the female.’* He further makes the very inter- 
esting suggestion that in males of Theridiidse possessing a 
41 stridulating organ,” vibrations from it pass through their legs 
and thus along the threads to the female. 

In Amaurobiue similis the display courtship (which is, of course, 
tactile) is marked, and there is no doubt whatever that its 
function is to arouse and keep dominant the female’s sexual 
desires, and probably also to bring her out of her retreat. A 



1142 


ME. G. H. LOCKET ON THE MATING 


similar sort of courtship is recorded by Berland (1911) for 
Filistata iiisidiatrix, whose habits and economy are somewhat 
similar to those of Amaurobit is. 

Turning now to the other cases, one of the most striking 
facts is the part played by the female. Her obvious state of 
excitement is shown in Theridion sisyphium by her continuous 
movements, in Epeira cucurbitina and Zilla x -notata and Steatoda 
bipunctcUa by her plucking movements and her approaches to 
the male and by pulsations of the abdomen, and probably by the 
extension, on the male s approach, of part of the epigynum in 
Linyphia leprosa. Her whole attitude is, in fact, one of complete 
readme&s and eagerness for mating. Consequently the male’s 
tactile display, although necessary (since the male must be 
recognized as such, lest he be attacked), is much diminished, and 
has only a kind of trigger-action on the female, whose movements 
now not only guide the male to her, but stimulate him in turn. 
Males of Theridion sisyphium, Linyphia triangularis, Zilla 
x-notata, and Amaurobius similis (and probably many others) are 
excited by the empty web of a female ; but the excitement soon 
dies down, the male apparently requiring a further stimulus from 
the female to proceed with his courtship. In some cases mating 
has to take place in a peculiar way, e. g. on lines constructed 
previously by the male, as in Epeira cucurbitina (cf. also Uloborus 
plumipes, studied by Jeanne Berland, (1914)), or the female has 
to come out from a retreat, as in Zilla x-notata (and possibly 
Amaurobius similis); in such cases the tactile display by the 
male is more marked and may be prolonged, although the female 
from the start shows no hostility. 

Corresponding to the easily-aroused sexual desires of the 
females of many species, we find that there is no hostility to 
the male before mating. Many cases are on record of females 
eating their mates after coition, but authentic cases of their 
doing so beforehand are rare, and are usually found among species 
where the breeding-season is long (e. g. Amaurobius , September 
to March or longer, and Tegenaria (Campbell, 1882), August to 
October and probably longer *), and where, consequently, a 
mature female may not be, at any particular moment, in a state 
to recognize a male. Apparent exceptions are found in some 
Argiopidse, such as Argiope cophinaria (studied by MacCook 
(1890)) and. notably Nephila mactdata (Kingston, 1923). The 
male or males remain on the outskirts of the female’s web for 
some time, and often at first she will not allow them to approach,, 
and may attack them. But after a time her hostility wears off, 
and then she will only attack males after mating. No marked 
tactile display appears tq take place here, and I think that the 
female becomes ready for 4 the male at a particular stage in the 
development of the eggs. 

In cases where the mating period is short, females seem to- 

* T have often found mature malee wandering in April. 
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lose their sexual desires directly after mating and then often 
attack the male, who, if he escapes, wanders from female to 
female. Her desires may return, and other males may accomplish 
mating with her, but for the time being she does not recognize 
males as such. Here again, it seems, we have a case comparable 
to that of the Ked-throated Diver observed by Huxley and 
van Oordt (v. above under Amaurobius simiiis). Once the sex 
emotions of the female spider have been dissipated by mating, 
her normal aggressiveness reasserts itself for the time being, just 
as when the mother Diver had found expression for her 
maternal emotions, fear became dominant. 

In other cases (e. g. Agelena) the female will tolerate a male 
after mating, sometimes up to the egg-laying and longer, but 
even so is liable to attack him. We have records of males and 
females of several other species living together, e. g. Tegenaria 
(Campbell, 1882) from August to October (in which, however, the 
male “ never ceased paying unrequited attentions, except to 
feed ”) and Epeira quadrala, of which Menge (18G6) found 5 nests 
with the two sexes living together; MacOook (1890) records the 
same thing of Epeira insnlaris and E. trifolium , but regards it as 
exceptional. Again, Enoch (1885) mentions a pair of Atypus 
afiinis which lived together from Octolier to July. Males of 
Linyphia triangularis are found in the female's webs, and they 
may feed there, and the male of Steatoda bipunctata I have never 
seen attacked at all*. The extreme case is that of Dieiyna , 
where the two spiders lead a common life, both taking part in 
spinning the web and capturing flies ; but even here the male 
probably wanders from female to female, and there is no true 
family or social life, the young when hatched soon disperse, and 
are not fed or attended in any way by the parents. If food is 
plentiful the female will lay several batches of eggs, and may 
require repeated or prolonged fertilization (though practically 
nothing is known about this) f. Her predacious reactions will be 
more ready to give place, under these conditions, to sexual ones, 
and the male may remain with her in safety for a long time ; but, 
even so, if food is scarce she may attack him. At the best, the 
relationship between male and female is a loose one, and seems 
to depend on direct sexual stimuli, which the male almost 
certainly derives in great part from the female's threads, and I 
think that she in turn may be stimulated by Ins. If this is so, it 
gives us a possible explanation of the apparently aimless way in 

* One reason for the immunity from the attacks of females of males which are 
not courting continually is probably that they “know how to behave 0 in the 
female’s web. Mr. Bristowe (1926) records an interesting experiment with a 
specimen of Amaurobius simiHa, which would not attack a wriggling beetle larva 
until a vibrating tuning-fork was placed in the web beside it. Spiders always 
attack a bussing insect more readily than one just wriggling, and a male’s move- 
mentis apart from those involved in his courtship, are not likely to excite the female 
very much, particularly as be often remains motionless for long periods. 

f Subsequent work has shown that once the female has been impregnated all her 
eggs hatch, so that further mating seems unnecessary. 
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which many males spin threads in the webs of the females they 
are courting (e.g. Steatoda bipunetata, Amaurobius similis^A.ferox, 
and Linyphia clathrata). But, further, if the stimulus from 
threads is sufficient (particularly in a case like Dictyna , where the 
male spins a great deal of the web but shows no very marked 
tactile display), it may serve to keep male and female together 
and be the basis of their common life. Such a state of affairs is 
comparable to Wheeler’s “ trophallaxis 99 among social wasps and 
ants, and Professor J. S. Huxley has proposed the term “ ero- 
tallaxis” for it. Its function is, however, limited to mating, 
since the parents do not co-operate in any way in tending the 
young. 

There is one other point that arises, and that is the condition 
of the female spiders during the actual act of mating. Without 
exception they are (in web-spinners) in a state of complete 
immobility at these times, which, is, of course, essential to the 
proper completion to the act. 

We must distinguish between the extreme cases of Epeira 
cucurbitina and Agelena labyrinthica , where the female is in a 
contracted immobile state before copulation begins, and those of 
Tkeridion sisyphium , T . denticulatum, Zilla x-notata, etc., where 
rigidity is only produced when the male’s palp is actually applied; 
and finally there are other cases where there is no rigidity but 
nevertheless immobility (e. g. Linyphia triangularis, L. clathrata , 
L. leprosa , Dictyna , Theridion lineatum , and Steatoda bipunetata). 

This curious cataleptic condition of the female is probably 
induced by the pre-coition caresses of the male or by the 
application of his palp. A very similar, if not identical, condition 
is that of spiders when “ feigning death 99 (an unfortunate term, 
since the attitudes assumed are rarely those of the dead animals). 
The Peckhams, who conducted experiments (1887) on “feigning 
death ” with several spiders (especially Epeira bombycinaria, 
E. infumata , and E. insularis), were of the opinion that it was 
produced by natural selection, since it was of use to the spiders 
in which it occurs (Epeiridse, Theridiidse, Linyphiid®, and many 
other sedentary spiders) for escaping from enemies ; whereas in 
the species that run about (Attidie and Lycosidie) it does not 
occur. This explanation may be true, but it is curious to note 
that the females of Agelena labyrinthica and A. ncevia, which do 
not “ feign death ” when frightened or touched, assume a cata- 
leptic condition while mating. 

In all these cases the motionless condition of the female has 
■a useful function, for it enables the male to keep his style fixed 
in the female’s epigynum, which he could net do if she were still 
making her excited movements. In Tarentula barbipes the 
female remains still during copulation (which is short) and then 
usually struggles free ; in Lycosa* copulation lasts a long while, 
and the female carries the male about ; so here again he has 
no difficulty. In all web-spinners I have watched there is 
no close embrace, but the difficulty is overcome by the female's 
immobility or rigidity . 



HABITS OF SOME WEB -SPINNING SPIDERS. 


1145 


In this connection it is extremely interesting to note the habit 
of the Bolpuga, Gale odes caspius turkestanus , observed by 
Heymons (1901). The male seizes the female sharply in the 
dorsal part of the abdomen, whereupon she remains motionless 
during the mating and until he runs away. It is possible to 
induce the condition artificially, but only in females ready for 
fertilization . (I have not seen the original paper where these 
observations are recorded, but they are quoted in “ Hypnose und 
Katalepsie bei Tieren,” by Ernst Mangold (Fischer : Jena, 1914).) 

Summary. 

(1) A tactile display may occur in web-spinners analogous to 
the visual display of the Attidse and Lycos id© and having the 
same function (e. g. Avnaurobius similis). 

(2) The female may be ready for the male on his approach and 
show him no hostility (usually the case with species with a short 
mating period) ; the tactile display is now reduced and has a 
kind of trigger-action. If, in these cases, a female must be 
induced to come out of a retreat or onto special threads, the 
tactile display i.s more marked. 

(3) Females usually attack males afiei' mating, but in some 
species tolerate them, when, if food is plentiful, a common life 
may occur. 

(4) In some species, males react to threads left by the female 
and even to those of another male. Possibly threads of males 
(often spun in female’s webs) stimulate females, which would be 
a factor in the common life of species such as Dictyna , and may 
be a part of the courtship in other cases. 

(5) All females remain motionless during copulation and some 
assume a rigid cataleptic condition, induced probably by the 
male’s pre-coition caresses or by the introduction of his style into 
the epigynum. 

In conclusion, I wish to express my thanks to Professor 
J. S. Huxley for much valuable advice and encouragement with 
regard to this paper, to Mr, W. S. Bristowe for allowing me to 
add his notes to my own and for many helpful criticisms, and 
to Dr. A. R. Jackson, who has very kindly classified many of 
my specimens from time to time. 
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(Plates 1., II. ; Text- figures 1, 2.) 

Introduction . 

This paper discusses the morphology of the group Ophiocistia 
of Kolias and its place in the system of Echinoderma. The 
views on this group expressed in my paper on the morphology 
of the Euryalft? (Fedotov, 1926) were based on a misinterpretation 
of the data of Prof. Kolias, and are therefore changed. It is 
not necessary to give a full review of the literature, since the 
main difficulty lies in the correct interpretation of the appendages. 

According to Woodward (1869) and Gregory (1896) Eucladia 
johnsoni had bifurcated or branched arms, while Gregory 
described also the vertebral ossicles with streptospondyline 
articulation, but Kolias (1899) proved these data to be incorrect. 
Dr. Bather (1907, p. 70, 1910, p. 880, also in Sedgwick, 1909, 
p. 206) made the correct suggestion that the appendages of these 
forms correspond to the podia or tube* feet and that the plates 
of the body of Ophiocistia correspond to the arm-plates of 
Ophiuroidea. Unfortunately Bather's opinion, though fully 
expressed for the past twenty-five years in the printed labels 
of the British Museum, has been overlooked by later authors. 
The true nature of the appendages being thus ignored, the 
systematic position of these forms remained obscure. Since 
Woodward’s paper (1869) Eucladia was referred to Palae-Euryal© 
(Stiirtz, 1893). Gregory established a new family Eucladidae. 
which he included in the order Streptophiurae. Sollas (1899), 
who descinbed two more new forms, erected for all of them 
the order Ophiocistia of the same value as Euryalae, but 
later (1912) he regarded it as a distinct class of Echinoderma, 
possibly allied to the Ophiuroidea. Schuchert (1915) on the 
whole agreed with Sollas. In my former paper (1926) I 
doubted if Euthemon igerna were a brittle-star and regarded 
the restoration of Eucladia woodwardi by Sollas as improbable. 
I left the order Ophiocistia only for Eucladia johnsoni, while 
admitting that Eudddia ? bescheri (Schuchert, 1915, pp. 278-279, 
pi, 88. fig. 1) might be a member of group Ijuryalse. Those 
views were based on the insufficient illustrations and contradictory 
descriptions of the authors, which made it inmost impossible 

* Communicated by Dr. F. A. Baths®, F.R.S., F.Z.S. 
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to understand correctly the highly peculiar structure of these 
forms* Only after a personal study of the original material, 
which is in the British Museum (Nat. Hist.), and in the 
Oxford University Museum, am I able to give what I consider 
to be the true interpretation of the structure of Ophiocistia. 
To make my views clear, I will give redescriptions or point 
out some features of the original material, illustrating them by 
drawings and photographs. 

Full description of Eucladia johnsoni H. Woodward . 

(Plate I. fig. 1 ; text-figs. 1, 2.) 

Unique holotype in the British Museum (Nat. Hist.), E 1444 ; 
Middle Silurian, Lower Ludlow Shales, Sedgley, near Dudley. 

Body discoidal, oval, slightly quinque-lobate, comparatively 
thick (at least 1*3 mm.) (PI. 1. fig. 1) ; its largest diameter. 


Text-figure 1. 



Eucladia, johnsoni* Diagram of one ray in the oral part of the disc (NK region 
of PI. 1. fig. 1) : a, apertures of podia if 1 ,/ 2 ) ; ip, Ip, vp, interradial, adradial* 
and perradial plates ; i, interradial, and r, radial, elements of the month* 
frames* X 2. 


about 5 cm., the shortest one, 4 cm. No arms ; in each radius 
on the oral surface seven pairs of the appendages. Ofal surface 
covered with numerous polygonal large plates with granule* 
(text-fig. 1). The plates are somewhat like the plates of the 
test of Echinoidea. Dorsal surface unknown, but it is probable 
that the whole body was covered by a test. In the centre of the 
oral surface (PI. I. fig. 1) there is a pentagonal rosette of five 
strong pieces (plates) interradial in position. In each of the 
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pieces (text -fig. 2, mf) one can distinguish two interradial parts 
(text-fig. 1 , i) and two radial parts (r) (projecting portions of 
the latter were called by Woodward “ styliform processes,” 1869, 
p. 242). They may be regarded as the mouth-frames (w/). 
Judging by the deep hollows between the mouth-frames and 
the body and by presence of skin of the peristome around the 
mouth-frames, it may be assumed that the mouth-frames were 
retractile. It is very difficult to make an exact and exhaustive 
description of the plates of the disc because it is partly hidden 
by the appendages and partly badly preserved, especially near the 
buccal armature. Besides, some of the plates are displaced. 
The radial areas are wide, the interradial narrow. Beginning 
with the second pair of appendages or podia (text-fig. 1, f*), 
there are in each radial area one column of median or perradial 
plates ( vp ), and two columns of lateral or adradial plates (Ip). 
These three columns together represent the radial area of the 
test and they surround circular apertures or pores (a) for the 
podia as in Ophiuroidea, but each pore is bounded by two 
perradial and two adradial plates. The plates are firmly united, 
the sutures of the perradial plates being hardly perceptible. 
The rows of perradial plates are narrow and the plates (vp) 
are strongly cut into by apertures. The adradial plates (Ip) 
are polygonal, strongly expanded transversely, and meet the 
plates (ip) of the interradius. The interradial plates (text-fig. 1, 
ip) are placed in a single column of four plates, beyond which 
there is apparently a pair of plates. The adoral (first) plate 
of the column is smallest. On the second plate in one of the 
inter radii lies a large madreporite (text-fig. 2, m), its surface 
covered by irregularly dichotomously branched furrows as in 
the recent starfishes (e. g. A gterias rtibent), though the furrows 
in Eucladia johnsoni are not so numerous as in Asterias. On 
the next plate there are four prominent papilla*, as they were 
called by Woodward, but they probably represent the genital 
pores (text-fig. 2, gp) because they have a cavity filled with 
matrix ; if so, it may be assumed that E. johnsoni had an 
unpaired gonad. The boundaries of the plates with the 
madreporite and genital pores are indistinct. The appendages 
of the first pair (PL I. fig. 1) are much smaller than the 
others (about 9 mm. in length and 2 mm, in breadth). They 
lie somewhat apart from the others in the angle between the 
radial and interradial parts of the mouth-frames in the region 
of the disc covered by skin. They correspond to the oral 
feet of starfishes and brittle-stars. The appendages of the 
first pair are opposite, the others are slightly alternating as 
the tube-feet in the Asteroidea. The following six pairs of the 
appendages are close to each other. The appendages increase 
in sise from the centre of the disc to its periphery. The 
length of the largest is about 40 mm,, its breadth about 5 mm. 
It is quite clear from the position of the appendages that they 
are homologous with the podia or ambulacra! feet. The 

Proc. Zool. Soc, — 1926, No. LXXV. 75 
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appendages as pointed out by Sollas (1899) were hollow and 
their cavities are filled with matrix. They were apparently 
flexible, and their surface is covered by spiny scales which 

S 've them a scabrous appearance, as described by Woodward, 
lie first pair of appendages is preserved best, some of them 


Text-figure 2. 



JBveladia johnstmL Diagram of the adoral part of the interradiu* next the 
observer in PL 1. fig. 1, with nmdreporite (m) and genital pores (gp) j f t oral 
feet ; o|f, month •frames. X 4. 


being quite complete with a sucker or flattened expansion on 
the end. By analogy with the first pair, we may assume that 
all the appendages had such soles, and they may be regarded 
aa tame ambulacra! feet or podia, but enormously developed. 
Thus Bather's interpretation of the appendages is quite comet. 
Very probably the appendages were need as walking feet. 
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Morphological Interpretation of some Features 
of the other Species. 

I will not give full descriptions of Eucladia woodwardi 
Sollas and Euthemon igerna Sol las, because I found the de- 
scription by Prof, Sollas correct, but will point out only some 
features of their structure. It is necessary to illustrate my 
interpretation by photographs and drawings because Sollas has 
given only restorations. I will not consider the structure and 
■systematic position of Eucladia % beecheri Schuchert (1915, 
pp. 278-279, pi, 38. fig. 1) because too little is known about 
this form and I have not studied it personally. 

It is easy to see, that the five plates (mf), paired in origin, 
interradial in position, in the centre of the oral surface of 
the disc of Eucladia zooodwardi (PI. I. fig. 2) and Euthemon 
igerna (PI. II. fig. 2) represent the mouth-frames. Each of 
them apparently consists of two interradial and two radial 
■elements (E. igerna , PI. II. fig. 2, mf). The peristome in 
E. woodwardi (PI. I. fig. 2, p) is very well developed. Since 
the mouth-frarues in E . igerna ( PI. II. fig. 2, mf) are sunk into the 
test and the margin of the test around the mouth-frames 
is regular, it follows that there also was peristome, as suggested 
by Kolias. It is clear that the mouth-frames of both forms were 
retractile. 

A column of median or perradial plates (PI. I. fig. 2, PJ. II. 
fig. 2. vp) and two columns of lateral or adradial plates (PI. I. 
fig. 2, PI. II. fig. 2, Ip) in each radial area correspond to the 
plates of the radial areas of Eucladia johnsoni and to the ventral 
and lateral plates of the recent Ophiuroidea, Perradial and 
adradial plates limit the apertures or pores for the appendages 
in each radial area, similarly to the arrangement in Ophiuroidea, 
but each pore (a) is bounded by two perradial and two adradial 
plates The appendages (PI. II. figs. 1, 2 ,f\f 2 ) are superficially 
similar in their shape, iu the shape and arrangement of the 
plates (dorsal, ventral, and two lateral rows) to the arms of 
recent Ophiuroidea. But from the relation of the appendages to 
the disc and its skeleton and from the absence (very probably) 
of the vertebral ossicles, it is evident that the appendages are 
homologous not with arms but with podia. It is probable 
that the appendages of these forms had wriggling movements 
like the arms of Ophiuroidea. Perhaps they were used also 
as the cirri of Grinoidea. The small appendages of the first 
pair in Euthemon igerna (PI. II. fig. 2, f l ) may have been 
an organ of sense. The dorsal surface of the body of Eucladia 
woodwardi (PI. II. fig. 1) with its numerous imbricated irregularly 
polygonal plates corresponds to the dorsal surface of the disc of 
Ophiuroidea, but the skeleton Is different. 

The differences between Eucladia johnsoni and Eucladia 
woodwardi are too great to consider the two species congeneric. 

I will point out only the more important features of Eucladia 
woodwardi which are at least of generic value. The shape 

75 * 
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of the booty, the external skeleton of the oral surface of a small 
number of plates, well-develoj>ed peristome, structure and 
arrangement of the appendages, absence of madreporite and 
genital pores in one of the interradii, quite different principle 
of progression, probably by wriggling movement of the append- 
ages, are characters amply sufficient for the establishment of a 
new genus to include this form. I propose to call it Sollasina 
in honour of Professor Sollas. Moreover, it is obvious that 
Sollasina woodioardi and Euthemon igerna are nearer to each 
other than to Euoladia johnsoni, and cannot be retained in the 
same family of the latter (fam. Eucladidee). Thus it is necessary 
to establish a new family Sollasinid® with two genera, Sollasina 
and Euthemon, 


Discussion • 

The discoidal central body without arms is the most important 
feature of these forins. Its skeleton, as suggested by Dr. Bather,, 
may be compared with the skeleton of the disc of Ophiuroidea. 
The single column of median or perradial plates and two columns 
of lateral or adradial plates are homologous with the ventral 
and lateral plates of Ophiuroidea. The plates along the- 
median line of the interradial area of Ophiocistia correspond 
to the skeleton of the interbrachial area of Ophiuroidea. The 
difference in the structure of the oral surface of the disc of 
Ophiocistia and of Ophiuroidea is as follows: — The interradial 
area of Ophiocistia is narrow, its greater part formed by 
lateral or adradial plates of radii, while in Ophiuroidea the 
lateral plates are narrow, small, the redial parts of the disc are 
narrow, and the interbrachial (interradial) parts are wide. There* 
is a certain analogy between the Ophiocistia and Astrophiura as 
Prof. Sollas already pointed out (1899, p. 699, — Astrophiura 
permira Sladen, 1879), but a still more complete analogy exists 
between Ophiocistia and Astrophiura kawemuri Matsumoto, 
in which the lateral plates of the basal segments of the arms also 
cover the greater part of the interbrachial area (Matsumoto, 1917, 
p. 271, fig. 68 b). The plates of the dorsal surface of Ophiocistia 
are known only in Sollasina woodioardi , and they differ from 
those in Ophiuroidea by absence of primary plates and by 
their irregular arrangement. There is no analogy between 
the dorsal surface of the disc of Ophiocistia and Astrophiura r 
because the large pentagonal body of Astrophiura consists of 
the disc proper and of dorsal and very strongly expanded 
lateral plates of arms (Sladen, 1879, pi. xx. figs. 3, 7; Koehler,. 
1915, p. 3, fig, 1 ; Matsumoto, 1917, p. 241, fig. 68 a\ so that a 
large size of the body is a secondary feature. In Ophiocistia only 
the disc is "present but no arms, and the large size of the disc is 
a primary feature. It can be accepted that the radial parts 
of the oral surface of the disc of Ophiocistia are homologous 
with the basal segments of radii of recent Ophiuroidea ; their 
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paired appendages protruding through the pores between the 
lateral and ventral plates are homologous, as suggested by 
Bather, with podia. There is, however, a great difference 
between the various Ophiocistia. Eucladia johnaoni has very 
large podia with curious scales, with suckers or soles; they 
resemble the tube-feet of Asteroidea in the general principle 
of the structure, arrangement (slightly alternating) and in 
function. The podia of the other Ophiocistia are also very 
large, with a regular external skeleton strongly simii.ir to 
that of the arms of recent Ophiuroidea. It is interesting 
that the majority of Palaeozoic Ophiuroidea (Matsumoto, 1917, 
p. 5, pp. 367-368; Spencer, 1925, p. 258) had no ventral or 
dorsal arm- plates, but many of them had the ambulacral 
feet large though typical in structure. The Silurian Ophiocistia 
had no arms, but their enormous podia had the plates such 
as can only be seen on arms of the modern Ophiuroidea, 

It is very difficult to make a detailed comparison between 
the mouth apparatus of the Ophiocistia and of Ophiuroidea. 
The five pieces or plates of the rosette of Ophiocistia may be 
regarded as mouth frames. It is very probable that each 
•consists of two interradial and two radial elements. But the 
mouth-frames of Ophiocistia had some peculiar features. They 
were more compact than those of Ophiuroidea and Asteroidea. 
The whole mouth apparatus was more independent of the 
skeleton of the body. Probably it had a masticating function. 
The presence of a peristomial membrane indicates that the 
mouth-frames were retractile. Thus the mouth apparatus 
of Ophiocistia reminds one somewhat of that of Echinoidea. 

The presence of a large madreporite in Eucladia johnaoni 
and its absence from Sollaaina tvoodwardi and Euthemon igema 
probably are in connection with a walking function and 
wriggling movements of their respective appendages. 

It is very interesting that on the whole Ophiocistia had 
a general resemblance to the very young of Ophiuroidea, 
Asteroidea, and Echinoidea. The latter has a discoidal body 
•consisting of oral and apical parts, no arms, but with a 
few pairs of very large tube-feet (Ludwig, 1882, Loven, 1892, 
Bury, 1895, McBride, 1907). Later on the starfishes develop 
the arms, the body acquires the star-like shape. In Echinoidea 
the oral part of the disc develops very strongly so that the 
stpical part becomes a small apical field of the test. In 
Ophiuroidea the central disc acquires long slender arms. A 
strong development of the interbrachinl area leads to a change 
of the primary structure of the oral surface of the disc. 
Ophiocistia seem to stop at the stage when the disc consists 
of equal oral and apical parts, without arms, but with few basal 
segments of radii, which represent elements of the oral surface 
•of the disc. The unpaired gonad of Eucladia johnsoni corre- 
sponds to 'the primary gonad during development of Ophiuroidea,, 
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Asteroidea, and Echinoidea, which later develops into the five 
pairs of the definitive genital organs. 

Thus Ophiocistia differ in the plan of their structure from 
other classes and may be regarded as a class of Eleutherozoa 
of the same taxonomic value as Asteroidea and Ophiuroidea, 
but nearest to the latter as already suggested by 8ol)as (1912)* 
Ophiocistia are characterised by certain primitive features such 
as the large disc and the absence of arms, while on the other 
hand the skeleton of the body, the mouth apparatus, and the 
appendages are very peculiar and highly developed. 

The structure of Ophiocistia tends to confirm Jaekel’s opinion 
(1923, pp. 347-348) that the arms of Ophiuroidea are not 
radial projections of the disc like the arms of Asteroidea* 
At the same time it supports the theory of the origin of 
Eleutherozoa from Pelmatozon, contrary to the opinion of Barrois, 
who. thought these two types quite independent (Barrois, 1924,. 
p. 400). In fact Eucladia johnsoni in the form of the external 
skeleton, with madreporite and genital pores near the mouth,, 
has general resemblance to the Cystidea, 

Class Ophiocistia Sollas, 1899, 1912. 

Diagnosis, Palaeozoic Eleutherozoa in their structure nearest 
to Ophiuroidea, with discoidal body covered with a test of 
polygonal plates, without arms. Radial areas of the oral 
surface wide, and each consisting of one column of perradial 
plates (=» ventral plates of Ophiuroidea) and two columns of 
adradial plates (= lateral plates of Ophiuroidea) ; interradial areas 
narrow and each with one column of interradial plates. Pentagonal 
rosette of five mouth ^frames lies in peristome ; mouth-frames 
strong, compact, retractile, interradial in position. Several 
pairs of huge podia, probably with either walking or wriggling 
movement, on oral surface of each radial area. Each podia! pore 
limited by two permdial and two adradial plates. Anua 
apparently absent. 

1. Family Eucladidje Gregory, 1896. 

Diagnosis . Discoidal body slightly quinque-lobate, covered 
with a teat of numerous plates. Peristome not very well 
developed,. about 2/5 of diameter. Margin of the test around 
the mouth-frames consists of twenty plates ; five perradial, ten 
adradial, and five interradial. Podia (probably all) with suckers, 
slightly alternating and used for walking as in Asteroidea, 
covered with spiny scales. One of the interradii on oral surface 
bears a large separate tpadreporite and several genital pores. 

Genus Eucladia Woodward, 1869. 

Diagnosis. The plates of the test with large granules. At 
least seven plates in each column of the radial areas an d 
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five or six plates in each inteiradial area. Mouth-frames 
strong, large, occupying almost the whole peristome. Seven 
pairs of podia in each radius; the first pair are small oral 
feet, the other six pair huge, increasing in size from the centre 
of the disc to its periphery. Genital pores four, surface of 
madreporite with dichotomously branching furrows. 

Genotype : E . johnsoni Woodward. (PI. I. fig. 1 ; text-figs. l t 
2.) Woodward, H., 1869, Geol. Mag., dec. i. vol. vi. pp. 241 — 
243, pi. viii. ; Gregory, 1896, Proc. Zool. Soc. pp. 1040-1042; 
Sollas, W, J., 1899, Quart. Journ. Geol. Soc. vol. iv. pp. 692-698. 

Material . Unique holotype in the British Museum (Nat. Hist.)* 
E. 1444 ; Middle Silurian, Lower Ludlow Shales, Sedgley, near 
Dudley. 

Tliis is the only known species. 

2. Family SoLLASiNiDiE, nov. 

Diagnosis . Discoidal body non-lobate, covered with a test 
of small number of plates. Peristome well developed, at least 
1/2 of diameter. Margin of the test around the mouth-framea 
consists of fifteen plates : five perradial and ten adradial. Podia 
tapering to the ends, opposite, covered with regular skeleton of 
dorsal, ventral, and two lateral rows of plates, superficially like^ 
the arm-plates of Ophiuroidea ; movement probably wriggling. 
In oral surface of the disc neither separate madreporite nor 
genital pores. 

1. Genus Sollasina, nov. 

Diagnosis . Body-outline oval ; test flexible, of imbricated plates 
with minute granules. In each radial area one column of 
three perradial plates end two columns of probably three adradial 
plates ; two plates in each interradial area. Peristome large, 
oval ; peristomial membrane with small, irregular plates. Mouth- 
frames comparatively small. Three pairs of huge podia in each 
radius, nearly equal in size, like arms of Ophiuroidea. Dorsal 
surface of the disc covered with numerous, imbricated, irregularly 
polygonal plates. 

Genotype: S. woodtmrdi (Sollas). (PI. I. fig. 2, PI. ID 
fig. 1.) Eudadia woodwardi , Sollas, W. J., 1899, Quart. Journ. 
Geol. Soc. vol. lv. pp. 695-696, figs. 1, 2. 

Material . Lectoholotype (PI. I. fig. 2), Oxford University 
Museum ; paratypes: eight specimens in the Oxford University 
Museum, one specimen in the British Museum (Nat. Hist.)* 
57780, from Middle Silurian, Lower Ludlow, Church Hill, Leint- 
w&rdine. 


2. Genus Euthemon Sollas, 1899. 

Diagnosis. Body depressed spheroidal, subpentagonal, with a 
firm test of strong, smooth plates. In each radial area oner 
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column of three perradiaJ and two columns of probably three 
adradial plates* One plate in the interradial area. Peristome 
large, round ; mouth-frames large, strong. Two pairs of podia 
in each radius, the first small, the second very large; they 
are superficially like arms of Ophiuroidea. 

Genotype: E . igema Sollas. (PI. II. fig. 2.) Sollas, W. J., 
1899, Quart. Journ. Geol. Boc. vol. lv. pp. 696-699, figs. 3, 4. 

Material Unique holotype in the Oxford University Museum ; 
Wenlock Limestone, Croft Farm, Malvern. 

I would like to express my sincere thanks to Prof. Sollas, 
Dr. F. A. Bather, and Mr. T. H. Withers for their kind 
assistance during my work in the respective Museums. To 
Dr. F. A. Bather I am much obliged also for his most helpful 
criticism of my manuscript. 
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EXPLANATION OF THE PLATES. 

Plate 1. 

Fig. 1 . Eucladia johnsoni. Oral surface. (Photograph by Mr. H. G. Herring, 
supplied by the permission of the Trustees of the British Museum.) 
| nat. size. 

Fig. 2. Sollacina woodwardi. Oral surface. Diagram based on photograph : a, 
apertures of podia; ip, Ip, vp, interradial, adradial, and perradial plates; 
mf, mouth-frames ; p, peristome. (Photograph by Mr. H. T. Hambridge, 
supplied by permission of Prof. Soil as). X 3. 

Plate II. 

Fig. 1 . Sollasina woodwardi. Dorsal surface. (Photograph by Mr. Hambridge.) 
X 2. 

Fig. 2. Euthemon igerna. Oral surface. Diagram based on photograph. 

podia; ip, Ip, vp, interradial, adradial, and perradial plates; mf, mouth- 
frames. (Photograph by Mr. Hambridge.) X 6. 
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Hyla venulosa. Natural size. 
Taken from a living specimen. 
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Cyclagras gig as. 
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I. Introductory Note. 

These scanty notes are the result of a short trip to the 
Amazon during the months October 1925 to January 1926. 
My objects in making the expedition were to obtain a series of 
photographs of some of the animals inhabiting this wonderful 
region, to study their life-habits, and to collect zoological 
specimens for the British Museum (Natural History): it was 
also hoped to he able to bring home a number of living specimens 
for the Zoological Gardens. 

The following list is a summary of the Batrachia and Reptilia 
collected : — 

BATRACHIA. 

ANURA. 

Aglossa. 

1. Pipa pipa L. ParA. 

Bufonidje. 

2. marinus L. Pari, Marajd Is. , 

8. Bufo granulosus Spix. Marajd Is. 

4. Rtj/b typhonius L. ParA. 

* For explanation of the Plates see p. 1178. 
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6. Hyla venulosa Laur. Phi’4. 

6. ILyla nasica Cope. Pari. 

7. liyla aurantiaca I)aud. Itacoatiara. 

8. Hyla rubra Daud. Pari, Antonio Lemos, Mariyd I». 

9. *Hyla leucophyllata Reiris. Pari. 

10. Pkyllomedusa burmeisUri Blgr. Pari. 

CrSTIGNATHIDJS. 

11. Leptodactglus caliginotus Gir. Mara j 6 Is. 


12 . 

ia. 


14. 

15. 
10 . 

17. 

18. 

19. 

20 . 


21 . 

22 . 

28. 


24. 


REPTILIA. 


LACERTILIA. 


GeCKONIHAS. 

fThecadactylu* rapicaudus Houtt. Pari. 
Hemidavtylus mabouia Mor. M a raj 6 Is., Pari. 


Iguanidje. 


Anolis ortonii Cope. 
Anolisfusco-auratu* I)’Orb. 
Volychru* marmoratus L. 
Tropiduru* hispidu $ Spix. 
Uraniseodoit uthbra L. 
Urocentron aeureum L. 
Iguana tuber cut at a Laur. 


itacoatiara. 
Antonio Lem os. 
Pari. 

Pari. 

Pari. 

Maraji Is. 
Maraji is. 


Teiiix®. 

Tupinambit nigropunetatu * Spix. Maraji Is. 

Centropyx calcuratus Spix. Antonio Lem os, Pari. 

Ameiva ameiva L. Itacoatiara, Pari. 

SciNCIILEL 

Mahuia aurata Selin. Antonio, Lemos. 


OPHIDIA. 

COLUBWHAS. 


26. Herpetodrya* fuscu* fu*<m* Pari. 

20. Liophis almadeneis Wag). J Maraji la. 

27. Cyclagras gigas D. & B, Many <5 Is. 

28. Xenoacn severus L. Pari. 

29. Aporophi* tinea tus L. Marxj4 Is. 

30. JRhadtnaa genimaculata Bfctgr, Maraj<$ Is. 

31. Oxybelit acuminatu* Wied. Pari. 


Part of the above material was obtained at stopping places' 
during a river-trip to Mauaos, e. g~, at Itacoatiara and Antonio 
Lemos (near Breves) ; but the present paper is based entirely on 
observations made in the following localities : — 

(i.) The forest region in the immediate neighbourhood of the 
Belem (Pari). 

(ii.) The campos in the North-East interior of Marajd Island. 

* I am indebted to the Rev. A* Miles Moss for a specimen of this handsome little 
frog, which was taken by him recently in the Bosque, Par* 

f A specimen of this lizard was taken recently in 1'avA and kindly eent to me by 
the Rev. A. Miles Moss. 
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Marajo Island has received little attention from naturalists in 
the past. 

Situated in the mouth of the Amazon river, it is larger in 
surface area than Wales; it is approximately equally divided 
into two cecological districts — that in the south-west consisting of 
virgin forest, while the north-eastern part (dotted area, ride Map) 
is open u campo where numerous herds of cattle are veared. 
It is not intended to give here a general account of the fauna 
of the island, but it is worth while to point out briefly, in passing; 
various respects in which Marnjd is remarkable. 

The most striking feature about the fauna, of the island is the 
extraordinary abundance of various kinds of animal life. I refer 
not so much to the number of species as to the great number of 



individuals, and it is only the most prominent forms that will be 
mentioned here. 

As regards Reptiles, Marajo Island is noteworthy as being the 
headquarters and breeding-ground of two species of “ Jacares,” 
Caiman niger and C. sclerops, both of which occur in incredible 
numbers. Iguanas (. Iguana tuberculata) and the so-called 
“ Jacruaru ” ( Tupinambie nigropunctatus) (which is hunted with 
dogs by the natives) are both very common. 

Passing on to the Birds, this is the home of vast numbers of 
Egrets (Ardea egreita ), Roseate Spoonbills (Plataiea aiffifa), Scarlet 
Ibises ( Eudocimw ruber), and various species of Wild Duck ; 
while the Maguari Stork (. Euxenura maguari ), Jacana ( Parra 
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jaccma ), the 44 Teti-telS ” ( Vanellus cayennensi&X Turkey-Vulture 
( Catharistes urubu), Guira Cuckoo (Guira guira ), American Diver 
( Plotus anhinga), Toucans, Parrots, and Parroquets (especially 
Conurus aureus) are all conspicuously abundant. 

The Mammalian Fauna is also interesting, the following species 
all being tolerably common : — the Jaguar ( Felie on$a\ especially 
in the north and north-east, Kinkajou ( Cercoleptes caudivolvulusX 
CJoati (Na*ua\ Tamandua ( Tamandua tetradactyla\ Three-toed 
Sloth (Brady pus tridaclylus ), Peba Armadillo ( Tatusia eeptem - 
cincta\ and several species of Monkeys, while the “ Mucura ” 
(Didelphys manupialis) is very plentiful. Finally, large herds of 
CJapybaras (Hydrochmrus eapybara) live by the lakes on the 
campo, which is also inhabited by vast numbers of Bats (notab y 
Noctilio hporinue , Dirias albiventer , and Molossus obscurus). 

It is a pleasure to take this opportunity of expressing my 
sincere thanks to the Rev. A. Miles Moss, English Chaplain at 
Para, who allowed me to live in his house (part of which soon 
became converted into a temporary menagerie!) during my stay 
on the mainland, aud at whose hands I received much kindness ; 
I am also indebted to him for a number of frogs collected from 
the forests in the neighbourhood of Pari. My especial thanks 
are also due to a Brasilian gentleman, Dr. Demetrio N. Bezerrn, 
for his hospitality and great kindness during the five weeks 
which I spent as a guest at hia Fazenda “ Ritlandia,” on Mara 36 
Island. I)r. Bezerra gave me every possible assistance to insure 
the success of my visit, providing me both with horses and 
“ Vaqueiros ” (cow-boys) to act as guides on many collecting 
trips, and also with canoes and transport for my baggage, and 
rendered many other services without which it would have been 
impossible for me to have worked in this particularly interesting 
locality. 

II. BATRACHIA and REPTILIA. 

1. Bufo tyvhohius L. (PL II., PL IIL fig. 1.) 

On October 7 , while collecting in the forests beyond Souza, 
Parri, I was called by one of the native boys, who frequently 
accompanied me as assistants on these occasions, to see a “ Sapo ” 
which he had found. On reaching the place, it was some time 
before I could distinguish anything on the forest floor besides 
the usual carpet of fallen leaves and an occasional Lycopod. 1 
then observed a small toad squatting motionless among the leaves, 
the creature itself bearing quite an extraordinary resemblance to 
a leaf (PL II.). 

The specimen has been determined as Bufo typhonius^ but on 
comparison with other specimens in the British Museum it was 
found to be an extreme variety of the species. Normally this 
toad has a very warty skin, and a fringe of pointed tubercles 
down the sides, while on the crown there is “ an enormous erect, 
sharp, bony ridge from the orbit to the parotoid ” (5). In the 
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present individual the smooth skin, absence of fringe and bony 
ridge, and the sacral markings are all totally unlike the normal — 
in fact, were it not for one or two intermediate forms, no herpeto- 
logist would hesitate to describe it as a distinct species. 

This toad is of interest, since it is a remarkable example of 
special protective mimicry ” (vide Poulton, 21). 

The snout is sharply pointed, the back flattened, and the body 
depressed ; running backwards from the eye along the side of the 
body, and extending down the leg as far as the tibio-tarsal 
articulation, is a well-marked ridge ; not only is this ridge sharply 
defined, but it appears to be continuous between the side of the 
body and the “ knee/’ the angular space which normally exists 
between these regions being occupied by a flap of skin (PI. III. 
fig. 1). 

Now, since the direction of light is from above, the ventral 
surface of the body and the fore limbs are thrown into deep 
shadow — this shadow having a clean sharp edge, which ends 
against the lateral ridge mentioned above. Thus the only con- 
spicuous part of the animal is the flat dorsal surface of head, body, 
and hind limbs, which latter are usually placed in such an attitude 
that the feet lie close against, and partially hidden beneath, the 
“ shins, ’’ while the M thigh ” is drawn back so that the skin 
between the “ knee ” and the side of the body is stretched (see 

PI. II.). 

The general contour of the toad is therefore similar to that of 
one of the leaves amongst which it lives, the resemblance being 
increased by its size, its green colour, and by the presence of two 
small jet-black spots on the back which give the appearance of 
holes. There is also a faint mid-dorsal line, corresponding to 
the mid-rib. 

Fortunately, I had my camera with me at the time the toad 
was discovered, and was able to obtain a series of photographs of 
the animal in its native habitat. It remained quite motionless 
while I arranged my tripod within a few inches, focussed the 
camera, and took several time-exposures ; nor did it make any 
attempt to escape when it was picked up, but allowed itself to be 
handled without a struggle, evidently relying on the “ crouching 
habit ” to escape observation — just as a young Stone- Curlew 
will do under similar circumstances. 

1 brought the animal home and kept it alive for six weeks, 
hoping to learn something of its habits. During this time it was 
kept in a box, the bottom of which was strewn with damp leaves, 
and it was interesting to notice that it never made any attempt 
to hide beneath these, but instead always sat in full view on top 
of them. It took small insects — chiefly moths and flies, the 
latter seeming to be the favourite food. Its method of catching 
these was to wait until one approached within an inch radius of 
its mouth ; when a fly ventured within this danger zone, the 
tongue was flicked out and in again with a motion so rapid as to 
be almost invisible — the victim disappearing suddenly, as if by 
magic. 
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Corresponding with its crouching habits, this little toad has 
but feeble powers of locomotion, its normal method being by a 
series of short hops, which never much exceed three inches. I 
did not once see it crawling. 

2. A Brazilian “ Flying Tree-Frog,” Hyla venulosa Latir. ' 

Byla venulosa , ranging from Mexico to Paraguay, east of the 
Andes, is abundant in the neighbourhood of Para, where it lives 
in the forests, but also occurs in the gardens and banana-groves 
on the outskirts of the town (PI. IY,). 

My attention was first drawn to the habits of this frog by the 
Rev. A. Miles Moss, with whom I was at the time staying. 
Mr. Moss has had a tower erected opposite the “ Bosque ” Gardens, 
Pari, which he uses as a light station for oatching Lepidoptera 
at night, and he told me that he has several times seen these 
frogs — which had climbed to the platform at the top in search of 
insects— leap off into the darkness below ; he said that he often 
wondered what became of them, for, although there is a sheer 
drop of 40 feet, he never found any shattered remains of the 
frogs on the ground beneath. 

Having obtained some living specimens of this species, 1 
determined to find out whether it was possible that these animals 
could really survive so great a fall without injury. 

A preliminary experiment was made by launching one of the 
frogs from off the verandah of the house, whence it had a fall of 
about 25 feet on to the hard floor of the courtyard below. The 
little creature spread its arms and legs out widely as it fell, and 
landed the “right way up ” ; it appeared to be quite unhurt. 

The animal was next flung high upwards, from the ground, 
and I was surprised and delighted to And that it invatialljr 
managed, by means of a violent wriggle, to establish itself in a 
definite balanced position, so that it always fell belly downwards, 
with its limbs stretched in a constant and characteristic attitude. 
Many times it was thrown in such a manner that it spun over 
and over on leaving the hand, but it never once failed to get into 
what I shall call its “gliding position” before reaching the 
culminating point of the trajectory, and this position, once 
assumed, was invariably maintained without a visible movement 
until the impact of landing. 

At this early stage in the experiments, it was noticed that the 
frog appeared to fall much more slowly than might have been 
expected, and it was surprising to find that the impact of hitting 
a hard stone floor after a fall of some 35 or 40 feet did not in any 
way hurt the creature. 

The next problem \t*» to find a suitably high structure from 
which to launch the frog in order truly to test its aeronautic 
powers, for, since it survived the treatment just described, it 
seemed not improbable that it might be able to fall from any 
height without being damaged. 
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On the 22nd October I set out in the direction of Souza, a, 
suburb of Para, accompanied by a small Barbadian boy, named 
Gera, ldo, and taking with me some specimens of H. vemilosa. At 
Souza there is a high water-tower, and up this Geraldo climbed 
with instructions to release the frog from the top, on a given 
signal, while I remained below to pick up the pieces. The tower 
is not less than 140 feet high, and it is situated in an open space 
where the ground is hard and covered at this time of year by a 
scanty growth of grass. 

1 stood near the foot of the tower, expecting the frog to fall 
nearly, if not quite, vertically. But on a wave from my handker- 
chief, I saw the little creature leap into the air, immediately 
spread out its limbs, and sail slowly down in fine style, passing 
far over my head and landing at a spot 90 feet behind me. It 
was quite uninjured. (There was a slight breeze blowing at 
the time in the same direction towards which the frog glided, but 
not enough, I fancy, to account for more than a few yards of 
lateral movement.) 

The experiment was repeated, and it was found that the frog 
took 1\ seconds to reach the ground. On this occasion I was at 
the top of the tower, and was able to observe that after it had 
dropped the first 12 feet up or so, there was, apparently, no 
further acceleration in the speed of descent ; for at this point a 
state of equilibrium is reached in which the upward pressure of 
the air on the ventral surface of the frog is equal to the animal's 
weight. 

The ‘‘gliding position" is shown in text-fig. 1. The fingers 
and toes are spread so as to present as large a surface to the air 
as possible. 

It has recently been suggested to me that //. venuloaa possesses 
no special gliding ability — that it is able to “ glide," in fact, 
simply by virtue of its light weight and small size, and that any 
frog under similar circumstances could fall from a great height 
uninjured. 

Having made experiments in this country with specimens of 
the Common Frog, liana temporaria , of about the same size and 
weight as the If. venulosa used in Par&, I find, quite definitely, 
that this is not the case. Though it has the advantage over the 
Brazilian frog of possessing a much greater- area of web on the 
feet, this species falls vertically and very heavily-- -« like a 
stone"; and, turning over and over in the air, it is purely 
a matter of chance whether it reaches the ground on its back or 
its feet. 

Experiments with the European Tree-Frog, H. arbor ea, were 
inconclusive, owing to the small size of the specimens at my 
disposal, but I found that they also failed to assume any constant 
gliding attitude, and fell vertically, frequently landing in positions 
other than with the feet downwards. 

The gliding ability of H. venubsa has been described at some 
length, for it is of interest on account of the indirect light which 

Proc, Zool. Soa — 1926, No. LXXVL 76 
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it throws on the habits of various species of Rhacophoru$ 9 
inhabiting Borneo, Java, Sumatra, and Southern India. 

As long ago as in 1869 Wallace described his famous “ flying 
frog” ( Rhacophorus pardalis ). The Chinese workman who 
brought it to him assured him “ that he had seen it come down, 
in a slanting direction, from a high tree, as if it flew ” (23). 

Since this date many authorities have regarded the account as 
being greatly exaggerated : G. A. Boulenger (4), referring to 
R. nigropalmatus , writes, “ Beyond the statement of the 
Chinaman who procured Wallace his specimen, there appeal's 
to be no evidence to prove that the ‘flying frog' does use its 
enormous feet to support it in the air, and, so far as we could see, 
it did not appear likely, from the condition of the web in the 
living animal, that their purpose was that assigned to them by 
the discoverer of the species.” Annandale, referring to the 
above note, speaks of the ‘‘ flabbiness ” of the web — “ it did not 
seem possible that it could be rendered sufficiently rigid, and the 
frog made no attempt to tauten it ” ( 1 ). Gadow also remarks (11 ) 
that “ Greatly exaggerated notions are . . . entertained about the 
parachutes," and there is certainly no doubt that many illus- 
trations of the frog, like that in Brehm’s ‘ Thierleben,' are grossly 
exaggerated. 

The only piece of first-hand evidence which I am able to find 
with regard to the gliding of Rhacophorus is a very vivid account 
by M. O. P. Ayyanger (2), which is of considerable interest and 
is quoted here in full : — “ As I appoached a big tree with my 
camera, my attention was suddenly drawn by a rustling noise in 
the leaves above, and, as I looked up, I found a beautifully coloured 
little animal having all the appearance of a small bird, falling 
from the top of the tree in a slanting direction. Its flight was 
curious, in as much as it did not flap its ‘ wings.' All the same, 
a sort of whir was audible as it flew slantingly. It alighted on 
the ground a good distance from the tree it darted from. It it 
a pity I failed to measure the distance travelled by the animal. 
It may, I think, be somewhere between thirty and forty yards. 
My attendant, happening to be close to where the creature 
alighted, ran and caught it by throwing his cloth over it. When 
I went to see what it was, I found to my intense surprise and 
delight that it was not a bird, but a gaily coloured flying tree- 
frog.” 

It seems probable that the whirring noise which Ayyanger 
mentions would be due to the rush of air causing the stretched 
webs of the feet to vibrate — like the reed of a wind instrument. 

If a comparison be made between ffyla mnitlosa and Rhaco- 
phorus nigropalmatus , a very striking difference will be observed 
in the relative areas of skin available for supporting the body 
during a glide (text-fig. 1). The diagram of the former was 
taken from the actual specimen with which the experiments 
were made in Par& ; the latter is from a specimen in the British 
Museum* 
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In R . nigropalmatus the large hands and feet are webbed right 
to the base of the disc. There is a fringe of skin not only on the 
outside of the forearm, extending from slightly above the elbow- 
joint to the tip of the fifth finger, but also a narrower fringe on 
the outside of the second finger. A semi-lunar flap occurs on the 
tibio-tarsal articulation, and there is a fringe along the outside 
of the tarsus reaching the tip of the fifth toe ; there is also a 
narrow fringe along the first toe. 

Ilyla venulosa , on the other* hand, possesses none of these 
cutaneous fringes. Moreover, the fingers are only webbed at tire 
base. The web in the feet extends almost to the discs, but the 
feet are small and cannot be expanded widely, as in the case of 
lttiacophorus. Yet, in spite of this deficiency in supporting area, 
we have seen that 11. venulosa has, in fact, considerable gliding 
ability. It would not, therefore, seem improbable that some of 
the species of Rhacophorus may have the power of “ flight ” 
developed to a greater extent than has been generally supposed, 
and that the habit has hitherto been rather overlooked. 

The question as to whether or not Rhacophorus can utilise the 
full surface of its enormous feet when in the air, by stretching 
the web taut, can only be determined by observing the living 
frog; it is to he hoped that some collector in the East, who 1ms 
access to healthy living specimens, will clear up the point by 
performing the simple experiment of throwing one high into the 
air and carefully observing the manner in which it falls. 

3. POLYCHRUS MARMOUATirs L. (PL III. fig. 2.) 

This lizard is abundant in the neighbourhood of Pard. It is 
decidedly arboreal in its habits (20), and is admirably adapted to 
a life among the branches. 

In appearance the most striking feature is the tail, which 
attains an extraordinary len gib. Goeldi (13) mentions a male 
which had a total length of 395 mm., of which the tail accounted 
for 2VK) mm. — that is, more than two and three-quarters the 
combined length of head and body. 

I kept living specimens for some weeks in Pard, and it is quite 
clear that the chief function of this organ is that of a balancing 
apparatus. On a previous occasion, when collecting near Morro 
Veiho, Minas Geraes, 1 took a closely allied species, P. acuii - 
rosiris *, a specimen of which was kept under observation in 
captivity for nearly two months. 

Both species, while clambering among the branches, would 
frequently stand erect on their hind limbs when reaching for a 
branch above, and in this position the long tail hung down, 
enabling them to balance after the fashion of the well-known toy 
parrots. 

The tail of P . marmoratus is also prehensile, .and the tip is 
shown curled round a twig in the photograph (PL III. fig. 2). 

* Kindly named for me by Dr. H. Gadow. 



BATRACHIAN8 AN1) REPTILES FROM THE LOWER AMAZON. 1169 


They are expert climbers, and 1 have frequently seen them jump 
for a branch that was out of reach. The hand is used as a 
grasping organ, the first three fingers being usually opposed to 
the outer two. 

Like many wholly arboreal animals, their movements are slow 
and awkward on the ground. 

As regards their food, the present species readily took moths 
and butterflies in captivity, but I was never able to tempt 
1\ acutirosiris with anything, the creature eventually dying of 
starvation. 

Poh/chrus marmoratuR is capable of changing colour to con- 
siderable extent, sometimes appearing entirely of a dark brown 
tint ; but what mav, perhaps, be regarded as the most typical 
coloration is a brilliant green, spotted with brown. Punning 
diagonally down the sides of the body is a series of five or six 
stripes of a darker shade. Tin's arrangement of shading looks, at 
a short distance, identical with that on the underside of a folded 
leaf, where the veins form a similar pattern of diagonal stripes. 
Moreo\er, the tail is very like a slender twig (PI. 111. fig. 2), so 
that the lizard is not easy to detect as it stands motionless 
-among the branches. 

4. Urocentron azureum L. (Phi.) 

In the ‘ Catalogue of Lizards * (6) Urocentron azureum is 
described as being “Azure blue or olive above . . and Goeldi 
(13) says** A mais holla e U. azureum (Doryphorus azureum I). B., 
1). brevicuudatm Guerin), into medindo alow de uns 124 mm.; 
e de mu colorido total predominanteniente ceruleo. . . . ” More- 
over, Paudin (8) and Durii. tfc Bibr. (10) both describe it as “ un 
beau bleu, ’’and it is represented this colour in their figures. 

The lizard is rather a rarity, and 1 have only taken one 
specimen. This, however, w ? ns not blue, but a most beautiful 
and vivid green colour (Plate 1.)*. The fact is that the green 
rapidly fades to a pale bluish tint in spirit. 1 have compared the 
specimen with others in the collection at the British Museum, 
and 1 find that the blue, or “ museum colour,” is the same in all 
cases, so that my specimen may be regarded as being typical in 
this respect and is evidently not a green variety. Instances of 
this kind make one realize the importance of observing the living 
animals in the field, besides studying their pickled bodies from a 
museum jar. 

Urocentron azureum is arboreal in its habits, and on Maraj6 
Island it. lives in the large mangrove-trees which line the banks 
of the tidal waterways or “ igarapes.” 

The only specimen which I saw w r as on a bough of one of these 
trees, about 25 feet from the ground. I watched it for some 
minutes through binoculars and found that it was busily occupied 

* Tha precise hue is “wight green/’ according to Robert Ridg way’s 'Colour 

•Standards and Colour Nomenclature,* Washington, D.C., 1912, pi. vi. 
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in catching the ants which were harrying to and fro among the 
branches. 

Having with me no means of obtaining the lizard, 1 hastily 
returned to the fazenda, over a mile distant, and, on arriving back 
at the tree half an hour later, the animal was seen to be on the 
same branch and was still feeding on the ants. 

In case the suggestion should prove to be useful to other 
collectors, it may not be out of place to mention here a method 
which I have found invaluable for obtaining lizards belonging to 
various species which, for one reason or another, cannot be 
approached closely. For this purpose I use a large-bore revolver 
(*45) employing cartridges loaded with tine shot. These spread 
so much that the specimen is not likely to be missed, and, 
contrary to what would be expected, it is rare to find the 
specimens more than very slightly damaged. 

The present specimen was obtained in this w*ay, and is now in 
the British Museum. 

The short tail is depressed, and is armed with whorls of sharp 
spines. The natives firmly believe that the lizard useR this 
organ to cut through the bark of trees, and they assured me in 
all earnestness that the little animal can fell a tree by circling 
round the base and gradually sawing away the wood. I have 
been unable to obtain any reliable evidence on the point, or to 
learn what habit of the lizard’s is responsible for the origin of 
such a strange notion. On account of this belief, the species 
rejoices under the popular name of u serrador ” (sawer)on Marajd 
Island. 


5. Iguana tubebculata Laur. (PI. V.) 

The Common Iguana, so well-known throughout tropical 
America, is very abundant on Mara j 6 Island, where it is called 
the “ camaleao." 

This fine lizard is, of course, essentially arboreal in its habits, 
but it appears that the young are by no means confined to the 
trees. In December I took two immature specimens on the open 
campo ; the first of these I encountered in a place at least half a 
mile from the nearest isolated tree, while there was no forest 
within a distance of five miles in any direction — the nearest 
locality where adult iguanas were likely to be found being a strip 
of dense vegetation bordering the side of an u igarapd ” (lit. 
canoe-path), some six miles to the south. On being approached 
this individual took to its heels, and 1 was surprised at the 
considerable speed with which it got over the ground, for most 
arboreal lizards are poor runners. The specimen measured 
295 mm., of winch no Jess than 213 mm. was occupied by the 
tail. 

Young specimens differ markedly from the adults. The dorsal 
spines, so characteristic in the adult, are so small as to be scarcely 
visible, while the throat-pouch is but slightly developed (vide 
Pi. Y.). Moreover, the colour is bright green, and the 
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blackish markings on the Hanks and tail of the adult are repre- 
sented by patches of brown madder; there is also a row of 
diamond -shaped brown spots along the mid-dorsal line of the 
body in young individuals. 

6. Cyclagras gigas I). 13. (PI. VI.) 

This handsomely marked snake is fairly common on Mars j 6 
Island. It is known to the inhabitants as the “pepeua.” It has 
the reputation of being very aquatic in its habits, but it is by no 
means confined to the immediate neighbourhood of water. The 
specimen figured (PI. VI.) was taken in the “garden ” of fazenda 
Ritlandia, at least three miles from the nearest lake. This 
individual measured two metres. They are very active and can 
travel over the ground at a surprising speed. 

Attention is drawn to the photograph, which shows well a 
typical view of the campo region, Marajd Island. The trees in 
the background are “ Tucanu! ’* palms (Astrocaryum tvcmna 
Mart.) ( vide PI. VI.). 

7. Caiman nicer Spix and C. scLERors Sclineid. 

In describing the Caimans of Marajd Island, it would be 
difficult to improve on Bates' (3) remark, when he says (referring 

to the River Solimoens) “ that, the waters are as well 

stocked with alligators in the dry season as a ditch in England is 
in summer with tad poles/* 

On Marajd the dry season begins early in July and lasts until 
the first week in January. During this period the “igarapcs” 
und lakes contract in size considerably, so that by the end of the 
year great numbers of alligators are concentrated into very 
restricted areas. Many of the lakes which they inhabit dry up 
altogether, and the jacarcs” then bury themselves in the mud 
and lie dormant, “ paialysados em uma lethargic, estival que dura 
mezes e da qual so sao lihertados pelas primeiras chuvas da estagao 
seguinte” (14). 

Only two species are common on the island, Cam an sclerops 
and C. niger. C. sclerops has a wide distribution, extending 
from southern Mexico into Argentina. This beast, which is 
known by the native name of “ Jacare tiuga,*’ is small, and it 
rarely reaches more than six feet in length, though, according 
to Ditmavs ( 9 ), a large example is eight feet long. On the other 
hand, C . niger attains a great length and enormous bulk, and is 
the largest of the New World crocodilians. Individuals of the 
u Jacar^ assfi "twelve feet long are common, while specimens of 
twenty feet have been reported. This species has a narrower 
range, being confined to the Amazon river. 

The breeding season of C. niger is during the latter part of the 
dry period, and nests with eggs may be found from September to 
January. The nest is a large mass of decaying vegetation, about 
six feet across at the base, and is not unlike a swan*s nest. The 
eggs are iml>edded deep in the centre of this structure, and 
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number 30 to 50, though the bend “ veoneirn » nt Fdn. 
« Bitlantlia ’’ assured me that he lmu taken as many as 70 from 
a nest. The period for hatching appears to be five or six weeks, 
the time varying with the local conditions affecting the temper- 
ature of the eggs — those in the sun hatching earlier than when 
the nest is surrounded by dense vegetation. Many writers state 
that the mother alligator remains near the nest to guaid the 
eggs, hut this is certainly not invariably the case, for though I 
saw several nests in December, they were quite deserted, not did 
the “ jacares” come to defend their property when the nests were 
opened and the contents examined. I did not see the nest of 
<7. 8clerops> for this species breeds at the end of the wet season — 
in May and June (Hagmann)* (15) or in July (Goeldi) (12). 

1 think that the savage disposition of the Caimans is inclined 
to be exaggerated. My limited experience is that both the 
present species are great cowards, especially the “ jacare tinga,” 
though, curiously enough, this little Caiman has the reputation of 
being the more u malvado e bravio. ,t It is a common thing to 
ride through a lake swarming with “ jncarcs,” either on oxen or 
horseback, in single file : the Caimans appear to be scared by the 
noise and splashing, and swim away on either side. ]t is pre- 
ferable on these occasions to be mounted on oxen, for they are 
more surefooted and less liable to stick in the soft mud than 
horses. There is no doubt, howevei , that the “ jacarcs ” are very 
treacherous, and 1 must confess that J never felt particularly at 
ease when riding among them in water four fret deep, though 
the “ vaqueiros ” think nothing of it, and will even enter the 
water on foot. 

The stomach of a large individual which I examined con- 
tained entirely fish, and it is quite clear that both 0 . myer 
and C. sclerops on Ma.raj6 live almost exclusively on a diet 
of fish, which are remarkably plentiful in the lakes. But 
they will also take duck and other water birds. I once saw 
an enormous u jacare assu” chasing a family of ducklings; 
it rushed through the water at a great speed, lashing the 
surface into foam with its powerful tail and snapping its huge 
jaws as it went. The number of wild duck that live in the 
groves of giant arums, Caladium arborescens (which commonly 
border the lakes), may be judged by the fact tlmt I have seen a 
cowboy kill eight birds with a single 12-bore cartridge, and on 
the report of the gun the birds got up in thousands, flying off in 
a cloud that must have covered many acres. Tins incident 
is mentioned to show what a great quantity of food is available 
for the “ jacares,” and it cannot be wondered that they thrive as 
they do, occurring in such numbers that they are considered a 
danger to the owners of the ranches. 

They earn this unpopularity from the fact that they kill calves 

• I sm indebted to Mr, F. L. Coggin for kindly translating the German papers 
mentioned in this section. 
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when the huttu come down to the pools to drink. Moreover, 
cattle frequently get bogged in the soft mud and aquatic plants 
surrounding the lakes, and their fate is then a horrible one, for 
they are eaten alive by the alligators. On account of this, great 
slaughters are organised at the end of the dry season, when tlie 
reptiles are more easily approached on account of the partial 
drying of the lakes. The “ vaqueivos” drive the creatures to 
one side of their pool, and then proceed to dispatch them with 
axes and “tei\‘adas" (long hunting-knives), many hundreds 
being killed in this way in an afternoon. Hagmann (15) 
describes an “ Alligatorenschlaeht *' on the neighbouring island 
of Mexiana, where he saw, in two days, “ca. BOO Thiere von 
1-4*2 m. Lange unschadlich gemaeht wurden ” : and in this 
connection Goeldi (14) says, “ Em algumas fazendas situades 4 
costa ntlantica, entre o cabo Magoary e o rio Tartarugas, os 
incotnmodos e prejuizos causados pelos jn cares sao taes que os 
fazendeiros sao oh ri gad os a fazer annual men te grandes cacadas 
onde os rnatam em quantidades assombrosas; para so citar um 
caso direi que em 1897, um fazendeiro que conlieco mntou, s6 nas 
suas terras, alern de 2000 ja cares ! 99 

The flesh of ‘* jacard tinga M is eaten by the natives, and is .said 
to be very good — the tail being the part used ; the “ jacare assu ” 
is considered to be unfit for food. 

111. MAMMALIA. 

1. (Jill ROTTER A. 

A small collection of Bats was made : 

i. In the neighbourhood of Belem 

ii. In the eampo district of N.E. Marajd. 

The following species were obtained : — 


1. Peronjmu* levcoptervs Peters. ParA. 

2. 1 Xocttlio lepurinus L. Mara jo Is. 

3. J)irias a lb i venter Sj>ix. Maraj6 la. 

4. Molo98U8 obecurus Oeol!. MarajA Is. 

5. Glossophaya, sortcina Pall. Para. 

6. Carol lia perspicillata L. Para. 

7. JSumops trvmbulli Thus. MarajA Is. 

8. Desmodus rtifus Oeoff. Parti. 


i. Bats from Pard. 

Of the Bats taken in this district, Carollia perspicillata , 
{ rlossophaga sortcina , and Desmodus rotundus were obtained from 
the well-known “ cave of Bats 99 in the Bosque Gardens, Belem. 
The first appears to be the most abundant species in the cave, but 
Qlossophaga soricina is also very common. Both species occur in 
such numbers that several specimens can be caught in a few 
minutes by sweeping an insect-net at random in the darkness, 
when the animals fly right into it and become entangled in the 
meshes. 



1174 


MR. H. B. COTT OJK THE JUlFJfi-UABlTB OF SOME 


It is well-known that the fem.-h*s i'mij tluiii )uung when 
flying, until the latter are able to get about by themselves, and 
that they are able to support a heavy load in this way. On the 
30th October, when sweeping for Bats, 1 took with a single stroke 
of the net a female and a. young male of 0. perspicillata. It was 
clear from the enlarged condition of the mammary glands of the 
female and the immature state of the male that this was a mother 
and her offspring, which she was evidently carrying in flight. 
Unfortunately, I omitted to weigh the specimems, but the 
following measurements are instructive : — 

Female: length of head and body 56 mm., wing-span 316 mm. 

Imm. male: „ „ 43 ,, „ 218mm. 

On 28 October I took a single specimen of the Blood-sucker, 
Desmodns rufus , in the cave. This was a pregnant female. The 
single embryo was very large in proportion to the size of the 
mother, as the following figures show : 

Female: length of head and body 79 mm., wing-span 417 mm. 

Embryo: „ ,, 50 „ „ 168 mm. 

Two specimens of Peronywns leucopterus * were obtained, both 
from overhanging sandy banks (where they were found sleeping 
during the day), at Catu, near Belem. 

ii. Bats from the Island of Mara j 6. 

With the exception of the strips of dense vegetation which line 
the 14 igarapes and a few isolated spinneys, or *• ilhas de mato n 
as they are appropriately called, trees are few and far between on 
the campo. However, in spite of this deficiency, three species of 
tree-living Bats are present in countless numbers, almost every 
available hollow tree being occupied by a colony. 

Noctilio leporinus is perhaps the commonest species. This is a 
handsome bat; it is reddish-brown on the back, with a pale 
stripe running from the nape to the root of the tail, the fur on 
the throat and belly being orange in colour, while the ears and 
membranes are blackish- brown. 

The species possesses a peculiarly powerful and un pleasant 
smell, which is so strong that the presence of the bats may be 
discovered and their exact whereabouts determined by it alone. 
Frequently, when riding over the campo, I have detected the 
smell at a. distance of more than 100 yards from the nearest part 
of the copse which they occupied. The best way to capture the 
bats is to smoke them out during the daytime by burning grass 
or leaves in their boles. 

The present species does not appear to share its diurnal hiding- 
places with other species ; for, though I examined many trees, I 
never discovered either Dimas attnventer or Molossus obscurus in 
the same holes with N. lepo?*inus. 

On the other hand, I). allnventer and M* obscurus frequently 

* My thanks are due to the Rev. A. Miles Moss A or ft specimen of this hat. 
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live together in the same trees. Large colonies of the latter 
species also live during the daytime under the tiled roofs of the 
buildings. Ihe shed which I used as a photographic davh-YOcyvn 
Anting ray stay at hazenda “RitlanAia” was occupied hy these 
bats, and there was a heap of droppings several inches deep on 
the floor beneath their favourite roosting- place. 

humops trumbulli is less common, and only one specimen of 
this bat was obtained — also from the roof of a house. 

2. Hydrocikerus capybara Erxl. 

Marajd Island lias been well described by T)r. Goeldi (14) as 
u um verdadeiro El-Dorado ” for the capybara. The same writer 
mentions that on one occasion, at the Cabo Magoaiy (in theN.E.), 
he saw a herd of capybara ft which numbered 44 talvez de eincoenta, 
oitenta on cem, on mesmo mais ninda.” 

These great rodents, known in Brazil as 44 capn&ras,” are 
extremely shy, and it is only with great difficulty that the}'' can 
be approached or even caught, sight of. They do not appear ever 
to stray far from their native river or lake, and on the iirst sign 
of danger they bound off towards the water at full gallop. Some- 
times when riding T have seen capy haras make off at top speed 
before I had got within half a mile of them. 

Once in the water they can evade the keenest eyes, for they 
are strong swimmers, frequently diving below the surface, and 
reappearing at a distance, when they will hide among the aquatic 
vegetation with just, the top of the head out of the water. Like 
that of the hippopotamus, the head is flattened above, and in tins 
position it can well be mistaken for a patch of mud ; moreover, 
the ears are small, and these as well as the eyes and nostrils, are 
situated high up, so that the animal can remain on the alert when 
it is itself almost entirely submerged. 

On Marajd Island the capy bants are accused ‘*de devastar os 
pastes,” and are frequently hunted by the natives, who also use 
the flesh for food. But from all accounts it. appears that their 
chief enemy is the jaguar. Although they live in the same lakes 
that are occupied hy the 44 jacares,” it is said that the latter do 
not molest them. Once, however, while hunting alligators, I 
noticed a capybara struggling among some water-plants, and on 
approaching it J found a severe open wound in its side, which 
looked as if the jacare tinga,” several hundred of which inhabited 
this particular lake, was not altogether above suspicion. The 
probability is that the j a cards are generally so well supplied with 
fish that they have no need to tackle larger quarry. 

3, DlDELPHYS MARSUriALIS L. 

I had not spent many days on Marajd Island before I became 
acquainted with the “ mucura grande,” as the large opossum is 
called. On the 9th December, at 10 p.m., I was disturbed by a 
great noise outside the house — the loud cries of the 44 vaqueiros ” 
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and the harking of all the dogs. On rushing out to ascertain the 
cause of the excitement, 1 saw that one of :h< f.mii 1 « i]«l i i l »‘l 
of which are raised on piles several feet from the ground; was 
surrounded by a number of cowboys, armed with hurricane 
lanterns and sticks, while the dogs were hunting about among 
the debris beneath the hut. Presently the yelling and barking 
increased, as an opossum, the cause of the disturbance, was 
discovered hiding in a corner ; the animal was driven out and 
caught by a large mongrel. 

Similar opossum -hunts are a common occurrence on the 
fazendas, for, although arboreal in its habits, the “ mueura ” will 
travel across wide stretches of open country at night, in order to 
raid the poultry -yards for chickens and eggs. On account of 
these incursions, the “ vaqueiros v never lose an opportunity 
of killing them; the fowls are generally the first to raise the 
alarm and as the raiders have little speed on the ground, they 
frequently pay the penalty of their thieving habits with their 
lives. 

The breeding-season is at its height about the first week in 
December — that is to say, about six weeks earlier than in the case 
of Didelphys virgin iana , — and most females taken late in December 
have young in the pouch. On 21st December a female which 
had been driven out of a thicket was lassoed by one of the cow- 
boys, and brought to me. This individual was carrying eight 
well-developed young. Judging by their large size, 1 should 
think that these could not have been less than seven weeks old, 
and yet they were still attached to the teats, which were greatly 
enlarged. According to Hartman (18) the attached stage of the 
pouch-young is (in the case of 1). viryiniana) certainly not less 
than 65 days and Meigs observed one litter which was attached 
for 72 to 74 days. This is mentioned because most writers 
underestimate the period, which is usually given as a month. 

On one occasion I found a female with pouch-young occupying 
a dense thicket of tall bushes and “ jassit&ra^ or climbing palms 
(Desmoncus) on the campo. Near the top of this, at a height of 
about 18 feet, she had built a large nest of sticks, somewhat 
resembling in size and structure the nest of a caiTion-crow. 

IY. Concluding Remarks. 

In a country like Brazil, where a naturalist is confronted with 
animal life in such endless variety, there is a temptation for him 
to become simply a “ collector/’ and to devote his time to 
capturing and preserving specimens rather than to observing the 
life-habits of the living creatures in their natural haunts. 

Comparatively little has been written about the habits of 
Batrachians and Reptiles, and this is surprising, since there are 
few animals whose life- histories are more fascinating, and in no 
other classes, perhaps, is the close correlation between the 
animal’s structure and its life- habits more striking. Even the 
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most apathetic observer must be amazed at the remarkable 
adaptive vjp-’Go n which has taken place in the order Lacertilia, 
while the breeding-habits of some of the frogs, as Gadow has 
aptly put it, tw read almost like fairy tales.” 

It was impossible for me to remain more than a few months 
on the Amazon, and I regret that so short a time was available 
for observing and collecting : in Para one soon realises that a 
lifetime of work would be necessary in order to become passably 
acquainted with the Bat raol nans and Reptiles which live in these 
mighty forests. 1 hope to be able to return on a future occasion 
and to visit some of the less well-known islands in the mouth of 
the river, especially Oaviatia and Mexiana, which, according to 
the reports of various travellers (16, 24) would seem to he a 
veritable naturalists’ paradise. 

I am indebted to many persons for their help in the preparation 
of this paper; especially I desire to express my thanks to 
Mr. Oldfield Thomas for naming my Bats, and to Mr. H. W. 
Parker for working out mv collection of Reptiles and Batrachians, 
for allowing me to examine specimens in the British Museum, 
and for lus help on many occasions: and also to Miss J. B. 
Procter for kindly giving me access to her papers and for much 
valuable assistance and advice. 
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<>1. On the Anatomy of the Fen-tailed Tree-Shrew (Ptilo- 
cercus lowii). By W. E. Le Gkos Clark, F.R.C.S., 
F.Z.S. 

[Received September 6, 1926: Read November 2, 1926.] 

(Plates I.-V.*; Text-figures 1-62.) 

Introduction. 

In any discussion relating to the remote origin of the Primate 
phylum, the significance of the Tupaiidse must inevitably be 
considered. lor long it Inis been realized that the Tree-Shrews, 
which are usually grouped with the Insectivora, exhibit many 
remarkable primate features. Thus, Parker ( 26 ), in his classical 
work on the development of the skull in Mammalia, remarks on 
the lemuroid characters of tiie tupaiid skull. More recently 
Gregory lias culled in considerable detail the osteological evidence 
in favour of affinities between the Tupaiidae and Primates. 
Elliot Smith has adduced similar evidence in regard to the gross 
features of the brain. Kaudern studied the male genital organs 
and the abdominal musculature with the same conclusions. 
Wood-Jones’s study of the male and female genital organs served 
further to emphasize these opinions. Oarlsson, in 1922, produced 
a monograph on the Tupaiidse and their relation to the Insecti- 
vora and the Prosiuiise, and substantiated Gregory's view 
that Tnpcria is a morphologically annectant form between the 
true insectivores and the lemuroids. Other workers, such as 
van Kampen, Leche, Doran, Paulli, etc., have accumulated 
additional evidence, all pointing in the same direction. My own 
investigations into the myology and the structure of the brain 
and skull of Tupaia were also confirmatory. It is thus certain 
that lemuroid features are to be found iiTthe anatomy of Tup aut 
which are extremely suggestive. But in other ways this animal 
demands further attention, for it is found also to present 
features which can only be described as primitive and meta- 
theroid. It is, in fact, a generalized creature which, on the one 
hand, exhibits evidence of a lowly status in the mammalian 
group, and on the other, is definitely associated by a number of 
anatomical details with primitive forms of the Primate phylum. 

The Pen-tailed Tree-Shrew, Ptilocercus , has not been hitherto 
described except for its general appearance and the general 
characters of its skeleton. This neglect is entirely due to the 
rarity of the animal. The phalauger-like appearance of the live 
animal as noted by Gray in his original description, and Gregory's 
opinion that Ptilocercus is somewhat more Lemur-like than Tupaia 
in its skull and dentition, sufficiently indicate the importance of 
making a systematic study of its anatomy. It wae hoped that 
* For explanation of the Plates aee|pt 1307* 
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such a study might throw additional light on the problem of the 
origin of the Primates. 

The ra rity of Ptilocercus is shown by the fftct that Dr. Charles* 

Hose, whose acquaintance with the mammals of Borneo a» a field- 
naturalist is unrivalled, only met with three specimens during 
life long experience in Sarawak. During my three years' stay in 
Sarawak a,s a medical officer in the service of H.H. the Rajah 
of Sarawak, I failed to obtain any specimens. Since my return 
to England, however, I have had the kind co-operation of 
Mr. E. Banks, the Curator of the Sarawak Museum, who has 
unremittingly advertised in order to get a specimen. During 
the years 1925-26 his efforts met with some success, and, as a 
result, he has procured for me four male animals, together with 
some highly interesting photographs of the living animal. These 
specimens were well preserved, so that I have been enabled to 
carry out a detailed examination of their structure, macroscopic 
and microscopic, with very little difficulty. I wish here to 
tender my very grateful thanks to Mr. Banks for the trouble 
and care he has taken over this matter. 

The genus Ptilocercus was discovered in Labuan during the 
voyage of H.M.S. ‘ Sarnarang/ and the species named after 
Sir Hugh Lowe. The animal was first described by J. E. Gray 
in 1848 (11). A distinct subspecies, Ptilocercus lowii continent ia r . 
was described by Oldfield Thomas in 1910 (29). 

Distribution. 

All the specimens of the Pen-tailed Tree-Shrew of which I 
have any knowledge have come from Borneo, with the exception 
of one. The latter was caught at a point JO miles from Kuala 
Lumpur, Selangor, and was described by Oldfield Thomas in 
1910. He regarded it as a distinct subspecies, td be distin- 
guished from the true Bornean lowii by some small points in the 
marking of the animal ^ well as by the relative narrowness of 
the muzzle and palate. The skull of this specimen is preserved 
in the British Museum together with four other skulls of the 
Bornean subspecies which were obtained in the following 
localities: — Karimon Wand, Borneo (type figured in the 
Voyage of H.M.S. 4 Samarang ’), Borneo (mainland opposite 
Labuan), and Labuan. 

It would thus appear that Ptilocercus is confined to Borneo 
and the Malay Peninsula. 

Habits, 

Little is known of the habits of this Tree-Shrew. Dr. Hose 
informs me that of the three specimens which he met with, two 
were caught in his bungalow, one by a eat. A short note (29) 
on the type-specimen of Oldfield Thomas’s subspecies, Ptilocercus 
lowii continentis , yields some interesting information, for it is 
stated that this animal was 44 caught in a nest made of leaves 
and fibre in a tunnel two feet long in a hollow branch of a tree.” 
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Further evidence throwing light on the habits of the animal 
is found in the two following accounts of the behaviour of 
captive specimens in Sarawak. 

I am indebted to Mr. E. Banks, Curator of the Museum 
in Kuching, Sarawak, for the following notes on the living 

u Ihe Pen-tailed lree-Hhrew is a little animal, not as big as 
a half-grown rat. The head is large and somewhat out of keeping 
with the slender body. The eyes are big and protruding. The 
hair is abundant, very soft, and of a rather light mouse-colour 
Observations on captive animals indicate that they are maml) 
nocturnal or, at any rate, crepuscular, and though living in 8 
rather dark box, they only came out of their own accord in the 
evening and morning. During the day four (consisting of one 
large and active specimen and three smaller and quieter animals) 
slept together in a heap, mixed up and sometimes partly on top 
of one another, so that one could cover them all with one hand. 
They slept on their sides, right or left, with their snouts laid 
along the breast and abdomen, their hind limbs bent forward 
and the tail usually laid along the exposed flank with the tuft 
as a rule covering the snout and part of the face. This position 
of the tail perhaps serves to keep oft* mosquitoes and flies. 

“ These four animals lived together in harmony, but a stranger 
introduced was not allowed to sleep with them, and was met 
open-mouthed with angry squeaks, to which he replied. He died 
two days after being put in with the others. 

“ The animals slept soundly, generally near the floor of the 
box with a pile of wood shavings about 6 inches high on top of 
them. On removing the shavings one or more generally raised 
its snout and sniffed enquiringly, without, however, opening its 
eyes. On picking up one of the shrews by the tail and trying to 
lift it out, the others were disturbed, and usually uttered a sort 
of chirrup or a shrill chuckle of protest, but did nothing more. 
The animal seized would hold on to wood and straw with its 
recurved claws and was often difficult to detach. It made no 
attempt to bite as yet, and on being released uttered a defiant 
chuckle of about four notes and scurried back to its friends, there 
to be received with more chuckles until all was quiet. If taken 
by the tail and carried out of the cage to be photographed, it 
started to bite after many futile efforts to escape, bending 
its body round, grasping the base of its tail with its fore-feet and 
climbing up it, just as does the Tangier. 

“ The bite has not the crushing power of the Tarsier nor the 
penetration of that of the Slow Loris, but the teeth can pierce 
one’s finger-nails, and the claws draw blood as they scratch. 

“ The animal progresses on the ground by a series of hops, as 
does a munsang under similar conditions; the tail is held up in 
the air, the tuft almost vertically and the remainder inclined 
upwards at an angle of 30° or so. The claws are long and 
Paoc. Zool. Boo.— 1926, No, LXXVII. 77 
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curved, so that they always touch the surface on which the 
animal is walking. It climbs a door with ease, upwards, side- 
ways, round the edge, and head downwards. In going up, it 
rests from time to time, and the tail is then laid flat against the 
surface, apparently offering support ; coming down, the tail 
hangs free, away from the surface. In the evening they were 
given food consisting of small bananas about 2 or 3 inches 
long, of which they would eat a large quantity, one and a half or 
two apiece ; seldom was there anything but the skin and ends to 
be found in the morning. In addition they ate somewhere 
about half-a-dozen or less cockroaches apiece, generally before 
the bananas. They did not take much notice of the cockroaches 
running about, and would probably have fared badly had not 
these insects been thrown heavily on the ground and rendered 
dazed before being introduced. As one opened the cage door 
and dropped in a handful of cockroaches, perhaps a couple of 
shrews would emerge slowly and edge up to the food. Then one 
of them, taking a cockroach in its mouth, would proceed to crunch 
it up, wings and all, making a noise which could be heard some 
distance away. On two occasions I saw a shrew pick up an 
insect in its hand and, sitting up a little on its haunches, 
supporting itself on one fore-leg, proceed to chew it up piecemeal, 
more fastidiously than it did when just picking one up in its 
mouth. The widespread fingers, particularly the pollex, seemed 
to get a good grip on the cockroach. It may be noted that the 
digits of the pes are also widely spread in a fan shape, though 
the hallux is not quite so widely opposed as the pollex. Drink 
was provided by sprinkling the animals with water on hot days ; 
they had no objection to this form of bath beyond a lot of 
chuckling, and proceeded to lick the water off their fur very 
much as a Tarsier would. Their fur was always in excellent 
condition, though I never saw them cleaning it.” 

I have received further information from my brother, Capt. 
O. D. Le Gros Clark, F.Z.S., who kindly made notes for me on 
these animals when they were newly captured. He writes : — 
44 The animal hates the light and, to avoid it, will curl itself up 
into a ball and push its head into a corner of the box. Hence 
the great difficulty in obtaining photographs of it. When 
shavings or straw were placed in their cage, within a few seconds 
the shrews had burrowed down underneath, and nothing was to 
be seen of them except perhaps the end of a tail. If several are 
together they will form a combined ball, each one attempting to 
get furthest from the light. While asleep the end of the tail 
covers the eyes and face, but whether to keep the light or insects 
away I could not say. In captivity the animals were fed on 
bananas and cockroaches. I never saw them eat a banana, which 
they appeared to do at night-time, but the sight of a cockroach 
aroused them to immediate frenzy. They would dash to the 
wires of the cage and attempt to hook the living cockroach from 
the fingers of the peyson holding it. With very quick jerky 
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movements tlie animal snatches the insect in its mouth and runs 
about the cage, apparently in fear of the insect being grabbed 
from it by another shrew. All the time it utters little high- 
pitched grunts, apparently in excitement or as a cat would growl 
when it has a bird or mouse. It holds the insect down with its 
claws while it crunches it up in its teeth. In a very few bites 
the insect has been completely swallowed. Once eaten, all 
excitement disappears, and (if no more insects are forthcoming) 
the shrew will once more disappear in the shavings or curl up in 
a ball.*’ 

There is a slight discrepancy in these two accounts as regards 
the behaviour of the animal when offered cockroaches. But it is 
evident that the latter account concerns animals which have 
been freshly captured and whose natural reactions have not as 
yet been impaired by the conditions of captivity. 

The stomach-contents of specimen I), which whs killed 
immediately on capture, were submitted to the British Museum 
for examination, and were studied there by Mr. K. G. Blair, to 
whom I am indebted for the following report. Referring to the 
stomach -contents, Mr. Blair writes: — “These would appear to 
consist entirely of insect- remains, but they are so fragmentary 
that it is difficult to recognize them. There is, however, the 
head and one leg of an ant, and various fragments of tegmina, 
wings, spiny tibia?, an antenme, etc., of a large Tettigoniid 
Grasshopper, possibly a species of Gryllacris. There are also 
fragments of at least one other species of insect tint l am unable 
to recognize, probably J lymonopterous or Coleopterous.” 

'fhe evidence at hand thus indicates the following conclusions 
regarding the habits of the Pen-tailed Tree-Shrew. The animal 
is nocturnal or crepuscular, leads an arboreal life, constructing 
nests in hollow branches, and lives on a mixed diet consisting 
of insects and fruit. This tendency to an omnivorous diet, it is 
interesting to note, had already beeu deduced by Gregory from 
a comparative study of the animal's dentition. 

Material. 

The material upon which this study is based consists primarily 
of four adult male specimens of IHilocercus low'd sent to me from 
Sarawak by Mr. Banks. Specimen A. was preserved in 10 per 
cent, formalin, and was in excellent condition except for the 
brain, which was useless even for macroscopic study. This 
animal was systematically dissected with the help of a Leitz 
binocular dissecting microscope. Specimens B and 1) were also 
preserved in 10 per cent, formalin, and fortunately were in a 
sufficiently good state of preservation to allow a complete 
histological examination to be made of the brain. After 
removal of the brain the whole head of the animal B was 
decalcified and cut in serial sections in order to enable a study 
to be made of the structure of the skull with especial reference to 

77 * 
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the olfactory and tympanic regions, of Jacobson's organ, of the 
tongue and teeth, of the orbit, and of the liner details of 
the facial musculature. In addition, histological preparations 
were made of portions of the alimentary canal, the endocrine 
organs, the abdominal musculature, the urogenital system, 
etc. Specimen 0 was preserved in spirit, but was found to he of 
little use except for the preparation of a skeleton. Both the 
latter specimens, however, were used to corroborate questionable 
details which had been brought to notice in the dissection of 
specimen A. 

For the study of the skull and dentition, use was made of the 
collection of skulls in the British Museum (Natural History), 
and for permission to make this study I am indebted to 
Mr. Oldfield Thomas. I am also indebted to Mr. Martin C. 
Hinton, of the British Museum (Natural History), for having 
an excellent skeleton prepared from specimen 0. I should like 
to acknowledge here, also, the beautiful series of photographs of 
a skeleton of Ptilocercus sent to me by Professor Gregory from 
the American Museum of Natural History, New York. 

Measurements. 

The four specimens of Ptilocercus were practically the same in 
weight and measurements, and a table of the average weight and 


principal measurements is given here. 

Weight 46*4 grams. 

Tip of nose to base of tail 125 mm. 

Tip of nose to inion 45 mm. 

Width of head measured at base of tragus. 23 mm. 

Brachium 23 mm. 

Antibrachium 25 mm. 

Manus 16 mm. 

Third digit of manus, measured from meta- 
car po- phalangeal joint 9 mm. 

Pollex 5*5 mm. 

Thigh 25 mm. 

Leg 30 mm. 

Pes 26 mm. 

Third to© 10 mm. 

Hallux 6 mm. 

Palpebral fissure 7 mm. 

Thoracic diameter. Dorso-ventral 20 mm. 

Lateral 19 mm. 

Tail 177 mm. 

Terminal hairy portion of tail SO mm. 

Terminal part of tail covered with white 
hairs 60 mm. 
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External Characters. 

General Form . — This is well shown in the photographs of the 
living animal (PI. 1.) which were taken by Mr. Jee Koo, 
assistant in the Sarawak Museum, and sent to me by Mr. Banks, 
the Curator of this museum, it will be seen that the illustration 
of this animal given by Gray in his first description of the genus 
in 1848 and drawn from a spirit specimen is remarkably lifelike. 
The only point which calls for criticism is the fact that the ears 
are there figured as small, whereas they are really somewhat 
large. The animal is evenly proportioned except for the tail, 
which is two-fifths as long again as the body. The general 
appearance is very similar to that of Marmosa , and, indeed, the 
re.scmblance of Ptilocercus to small arboreal marsupials has been 
noted by previous authors. The limbs are of moderate length, 
the front pair being about three-quarters the length of the 
hinder. 

Pelage . — The description originally given by Gray was as 
follows: — Blackish-brown, very minutely grizzled with the 
yellowish tips of the hairs ; lips, lower part of cheeks, chin, and 
under surface of the body yellowish ; sides of face enclosing the 
eyes black. Tail black ; barbs white, except for a few hairs near 
the scaly part, which are black. The only striking feature, 
therefore, is the black-and-white tail, the animal being otherwise 
very uniformly coloured. 

With regard to the microscopic structure of the hair of 
Ptilocercus, Mr. F. Martin Duncan, F.Z.S. (to whom I am also 
indebted for text-fig. 5 B), lias provided me with the following 
note based on his own studies : — “The hairs clothing the body 
are very fine in texture, and have on their surface small cuticular 
imbricate scales of acuminate form, while the medulla is discon- 
tinuous, simple, and ovate in character. The hair from the 
tail-tuft is stouter than that of the body-coat, and has moderately 
wide, flattened, imbricate, cuticular scales and nodose medulla.” 

The Head is relatively broad, partly o*ving to the moderate 
projection of the snout and partly to the strong development of 
the zygomatic arches. The width is further accentuated by the 
thick covering of soft hair on the cheeks and frontal region. 
The eyes are by no means small, the orbital fissure being on the 
average 7 nun. in length. The eyelids show a row of fine black 
lashes disposed along the outer aspect of their free margin. The 
iris is of a brown colour, and as far as can be ascertained from 
preserved specimens, the pupil is round. The palpebral con- 
junctiva is deeply pigmented. The rhinarium is naked. The 
superior surface is entire and covered by small rounded nodules. 
The anterior surface is marked by a median sulcus, which is 
continued down to the free margin of the lip. On either side of 
this sulcus and bounded laterally by fainter vertical furrows are 
two surfaces covered by fine parallel grooves running transversely. 
The nares are comma-like slits which open laterally. The rhin- 
arium is separated laterally from tha lateral part of the upper 
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lip by a short furrow. The latter ends at the free margin of 
the lip in a notch which accommodates the apex of the prominent 
first upper incisor tooth. 

The lips have a narrow rounded edge which is devoid of 
Text-figure 1. 



Head of FtUocercut. (X 1$.) 

elaboration. The ear is large, measuring 22 mm. in length (from 
the apex to the incisura intertragica) and 10 mm. in breadth* 
As will be seen, the auricular musculature is especially well 
developed, and there is every indication that the organ is freely 

Text-figure 2. 



w v 


Ear. Left side. (X 2.) 


mobile. The cranial surface of the pinna is covered with hair, 
but over its upper half these are so sparse and fine that they can 
only be detected by examination with a good lens. The meatal 
surface is naked. The tragus forms a thickened elongated ridge 
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extending forwards and dorsal ly, with an everted margin. The 
antitragus is produced into a blunt process, which projects 
upwards for about 4 mm. and end© in a rounded tip which comes 
into relation with the fossa triangularis. It is separated from 
the posterior margin of the pinna by a sharp cleft. Overhanging 
the inferior articular fossa is a conspicuous transverse ridge, the 
plica principalis, separating the inferior articular fossa from 
the fossa triangularis above. The latter is bounded dorsally by 
another ridge not so prominent — the antihelix. The crus helicis 
is well developed, and soon becomes lost in the free margin of the 


Text-figure 3. 



pinna when traced dorsally. In front of the crus helicis, 
extending on to the cheek, is a bare area reaching forward for 
a distance of some 5 mm. 

The Manus . — The digital formula is 3>4>2>5>1. The 
pollex is well developed, and would appear capable of a consider- 
able degree of divergence. That such is actually the case is 
clearly seen by reference to the photographs of the living animal 
(PI. I.). The palmar surface is unpigmented and the fine 
hairs covering the dorsum distal to the carpus are a dirty white 
ooloxir. The palmar pads are arranged in their simplest form, 
the four interaigital pads, the thenar and hypothenar pads being 
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quite separate from each other. They are covered by fine 
papillary ridges, the direction of which can be seen from text- 
fig. 3. In addition to the rounded terminal pad of each digit 
covered with papillary ridges which run parallel in the axis of 
the digit, the palmar aspect of the phalanges are covered with 
small, irregular, papillated areas separated by intersecting creases. 

The Pee . — The digital formula is 3>4>2>5>1. The 
development of the hallux and the degree of divergence of which 


Text-figure 4. 



Pea. (X 8. 


it is capable are to be noted, and reference should again be made 
to the photographs in PI. I. As in the manus, the plantar 
surface is unpigmented and the dorsum distal to the tarsus is 
covered by short hairs of a dirty white colour. The interdigital 
pads are evenly arranged and distinct both from each other and 
from the thenar and hypothenar pads posteriorly. The pads on 
the digits show the same arrangement as in the manus. In both 
the pee and manus the claws are large, strongly curved, laterally 
compressed, and sharply pointed. 
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The Tail is perhaps the most conspicuous of the external 
characteristics of Ptilocercus , and, indeed, the animal owes its 
name to the appearance of this appendage. In specimen A the 
tail measured 173 mm. in length, of which the terminal 77 mm. 
are furnished with hairs disposed laterally in a bipenniform 


Text-figure 5 A . 



The Scaly Epidermis of the Tail. (X 6.) 


arrangement. For the proximal 18 mm. of this hairy portion 
the hairs are jet-black, and distal to this they are white. The 
base of the tail for some 20 mm. is covered with long hair 
directly continued from the trunk. This gives the appearance 

Text-figure 5 B. 


inch 



(a) Tail hair. (&) Body hair, showing shape and arrangement of the 
cuticular scales. ( X 600.) 

*of a gradual transition from the trunk into the tail. The greater 
part of the tail is covered with scaly epidermis, the scales being 
regularly arranged in an imbricating fashion. From under cover 
of the distal border of each scale appear three stout bristle-like 
hairs, of which the central is usually the longest. This 
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“ three-hair group ” arrangement has previously’ been noted by 
de Meijere and others. The skin of the tail is deeply pigmented, 
except where it gives attachment to the white hairs at the end. 
There are no bare areas on the tail. 

Vibrissas . — These are very conspicuous, especially on the head. 
Six or seven rows of maxillary vibrissa* were counted, some 
reaching to a length of 30 mm. Above the middle of the eye 
are two or three supraorbital vibrisssB. The genal group is also 
well developed, and consists of about eight hairs. Two or three 
tine interramal vibrissie are present 18 mm. behind the point of 
the chin. Mandibular vibrissae are feebly developed, and are 
represented by one row of four or five short hairs. 

Carpal vibrissae, six in number, are situated on a well-marked 
hillock on the ulnar side of the forearm, 5 mm. proximal to the 
wrist. 

Three somewhat inconspicuous calcaneal vibrissae were noted 
projecting from a small pigmented spot on the medial side of the 
prominence of the heel. 

The External Genitalia . 

No female specimen of Ptilocercus has as yet been obtained. 
The female external genitalia have, therefore, not been studied. 
In the male the scrotum forms a prominent spherical swelling 
underneath the base of the tail. I am informed by the observers 
quoted at the beginning of this paper on the behaviour of the 
live animal, that the sac forms a very conspicuous object during 
life. The skin of the scrotum is unpigmented and corrugated, 
and only sparsely covered with light yellowish hairs. It is 
marked by a rough median raphe which can be traced posteriorly 
into the anterior lip of the anal orifice. At the caudal end of 
the ventral surface of the scrotal sac is a slit-like aperture 
leading into the preputial sac, and, except for the slight raising 
of the margins of this aperture, the penis is not visible externally, 
being completely enveloped in the scrotal swelling. 

The anal orifice forms a transverse slit 3£ mm. in length with 
corrugated margins. The openings of the anal glands could not 
be detected on naked-eye examination. 

The Skull. 

In general view the skull of Ptilocercus is evenly proportioned, 
with a snout of moderate length, large orbits, strongly bowed 
zygomatic arches, and distinct muscular markings. In the adult 
the cranial sutures are mostly obliterated or can only be made 
out with difficulty, so that it was necessary to examine the skulls 
of immature specimen^ in order to determine the sutural lines 
with precision. Fortunately, among the series of five skulls in 
the Natural History Museum at South Kensington there are 
two immature specimens which served this purpose. 

The Frontal Bom is single in the adult skull but double in the* 
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Text-figure 6. 



Lateral view of the Skull. ( X 2.) 


Text-figure 7. 



Dorial view of the Skull. (X 2.) 
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immature specimens. The dorsal surface shows a series of low 
rounded elevations corresponding to the ectoturbinal part of the 
nasal cavities, the olfactory bulbs, and the frontal poles ©f 
the cerebral hemispheres. The medial margins of each frontal 
bone diverge anteriorly to enclose the posterior extremities of 
the nasals, and each frontal bone forms anteriorly a sharply- 
pointed process which projects forwards to reach (usually) the 
premaxilla. Laterally, the frontal articulates with the maxilla 
and lachrymal, and, in the orbit, with the palatine, orbito- and ali- 
sphenoid. The coronal suture is evenly curved with a posterior 
convexity which corresponds to the slight depression which lies 
behind the elevations for the frontal poles of the cerebrum. The 
post-orbital processes are well developed and .show a slight dorsal 
concavity at their base. They articulate with the malars to form 
slender post-orbital bars. Gregory points out that Mivart’s 
figure (1867, p. 303) suggests that this bar is not always 
complete. In all the skulls which I have been -able to examine 
(nine in number) the orbit is completely encircled by a bony 
ring. Under cover of the base of the post-orbital process on the 
orbital surface of the frontal is a venous foramen, and immedi- 
ately in front of the fronto-sphenoidal suture is a small ethmoidal 
foramen, sometimes double. The frontal bone is sufficiently thin 
to allow the scrolls of the ectoturbinals to be seen through the 
interior part both on its dorsal and its orbital aspect. 

The Nasals are narrow strips of even width. The anterior 
extremities end flush with the dorsal margins of the premaxillae, 
or only overhang the anterior nares to the slightest extent. The 
posterior extemities form blunt points articulating with the 
frontals at a transverse level corresponding to the anterior 
margins of the orbits. There is, as a rule, no articulation 
between the nasals and the maxillae. 

The Premcbxilla is relatively small, and ends above in an 
attenuated process which projects backwards along the lateral 
margin of the nasal just reaching the frontal. The suture 
between it and the maxilla meets the alveolar margin at the 
posterior border of the socket for the second upper tooth. The 
palatal processes form the greater part of the contour of 
the anterior palatine foramina. 

The Maxilla extends back to end posteriorly in a well-marked 
tuberosity which reaches back almost to the level of the posterior 
margin of the orbit. Its orbital surface is usually perforated by 
the apices of the roots of the last two molar teeth. The anterior 
opening of the infraorbital foramen lies just over the last pre- 
molar. The maxilla has a broad articulation with the frontal, 
and is prevented from meeting the nasal by the frontal and 
premaxilla. There is a broad zygomatic surface for articulation 
with the malar extending from the infraorbital foramen back to 
the interval between the 2nd and 3rd molars. The palate is 
relatively short and broad, and there are no palatal vacuities as 
in Tupaia, 
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The Parietala broaden out evenly when traced back from the 
coronal suture, and the contour of the cerebral hemispheres is 
distinctly marked out on the surface of the bones. Posteriorly 
they diverge to enclose the supra-occipital and meet the occipital 
crest on either side of this element. They are crossed on their 
dorsal aspect by the temporal ridges which run hack from the 
frontal bone at a distance of 5-6 mm. from each other, never 
meeting in the sagittal plane as they do in Tupaia. At the 
posterior margin of the cerebral elevation the ridges approach 
each other a little more closely and then run back parallel to 


Text-figure 8. 



Base of Skull. (X 2.) 

8.C. Sinus canal. Al.C. Aliaphenoid canal. A.T. Auditory tube. F 3 . Foramen 
ovale. P.gl.F. Post-glenoid foramen. P. Os Petrosum. VII. Stylo- 
mastoid foramen. XII. Hypoglossal canal. 


reach the occipital crest. In the orbi to- temporal region the 
parietal articulates with the frontal, alisphenoid, and temporal, 
and sometimes, perhaps, with the orbito-sphenoid. 

The Lachrymal extends well on to the face, articulating here 
with the maxilla. It just reaches the malar on the inferior 
orbital margin. In the orbit it articulates with the frontal, 
palatine, ana maxilla. 
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The lachrymal foramen, which is single, lies immediately in 
front of the orbital margin. 

The Occipital . — All the elements of this bone are completely 
anchlyosed in the adult. The supraoccipital is prolonged as a 
tongue-shaped plate of bone on to the dorsal surface of the 
cranium. Elsewhere the lambdoid suture is coincident with 
the occipital crest. The latter is prominent and sharp, especially 
laterally. At its lateral extremity it appears to bifurcate, one 
part becoming continuous with the supramastoid crest and 
one with a low ridge representing the paroccipital process. The 
basioccipital is smooth except for a well-marked median ridge 
extending forwards on to the basisphenoid. The basioccipital is 
completely anchylosed with the basisphenoid in the adult skull. 


Text-figure 9. 



Orbito-temporal region of Skull. (X 2.) 

Lac. Lachrymal. V*. Autorbital foramen. Ft. Frontal. Pal. Palatine. Jfa. 
Malar. Eth.F Ethmoidal foramen. Naa. Fal.F. Nasopalatine foramen. 
Sin.C. Sinue canal. 0.8. Orbitonphenoid. A.S. Alisphenoid. Opt.F. 
Optic foramen. As.C . Alisplienoid canal. Sph.Fiaa.+ V 2 . Sphenoid fissure 
and foramen rotund um. V*. Foramen ovale. VII. Stylomastoid foramen. 
Sup.Occ. Supraoccipital. Cond. Occipital condyle. 

Paroccipital processes are represented by low ridges on the 
lateral margins of the exoccipitals. The hypoglossal canal is 
single and there is usually no posterior condylar foramen. At 
the lateral margin of the basioccipital, between it and the 
tympanic bulla, is an elongated gap representing (in part) 
the posterior lacerated foramen, in which the os petrosum is 
exposed on the basal aspect of the skull. The foramen magnum 
is transversely oval, measuring 6 5 mm. by 5*5 mm. The basion- 
opisthion plane makes an angle of 120° with the basioccipital. 
The condyles extend from the lateral aspect of the foramen 
magnum and reach forwards with an even curve close to the 
midline at the basion. 

The Sphenoid . — The basisphenoid is broad, and in the adult 
skull is directly continuous with the basioccipital. The ali- 
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sphenoid is relatively large with a broadly convex lower surface, 
and extends back to the tympanic region, where it partakes in 
the formation of the roof of the tympanic cavity. The lateral 
pterygoid plates are small and everted, and are pierced by a 
minute alisphenoid canal at the base. The medial pterygoid 
processes are conspicuous, terminating in prominent hamular 
processes which project backwards and outwards and end in 
slightly bulbous extremities. A faint infratemporal crest 
extends forwards from the root of the zygomatic process on to 
the alisphenoid. The orbitosphenoid is of moderate size. The 
articulations of these bones on the surface of the skull can be 
seen from the text-figure. It should he noted that there appears 
to be some variation in the suture-pattern in this region of the 
orbit, for the alisphenoid may be separated from the frontal by a 
short parieto-orbifcosphenoid suture. 

The Malar is a slender bone, forming the posterior and inferior 
margins of the orbit. It reaches forward along the maxilla to 
come into contact with the lachrymal on the orbital margin. 
A slender frontal process completes the circuit of the orbit by 
articulating with the post-orbital process of the frontal. The 
zygomatic process extends back as far as the anterior margin 
of the glenoid cavity, hut takes no part in the formation of the 
latter. The body of the malar is pierced by a foramen which 
transmits the malar branch of the temporo-malar nerve. 

The Temporal . — The squamosal is small and forms an insig- 
nificant proportion of the calvarium. Anteriorly it articulates 
with parietal and alisphenoid. The zygomatic process is 
relatively short. The glenoid cavity forms an oval flattened 
facet with its long axis directed forwards and slightly lateral- 
wards. It is bounded posteriorly by a well-developed post- 
glenoid process, and immediately behind this is the post-glenoid 
foramen. The posterior loot of the zygomatic process is 
continued back above the auditory meatus to end in a conspicuous 
supramastoid tubercle which overhangs the stylomastoid foramen 
and gives attachment to the anterior fibres of the sternomastoid 
muscle. A considerable area of the mastoid portion of the 
temporal is left exposed on the lateral surface of the skull behind 
the squamosal. The tympanic bulla is much less extensive than 
in Tupaia , and a considerable breadth of basioccipital is left 
between the two bullae. Each bulla extends as far forward as 
the level of the post-glenoid process, and posteiiorly ends in a 
small spur which runs back into the paroccipital ridge. Between 
the medial margin of the bulla and the occipital is an elongated 
hiatus in which the os petrosum is exposed on the base of the 
skull. As van Kampen has demonstrated (18), the bulla of 
Ptilocerovs is derived from an ento tympanic element as in Tupaia , 
and the tympanic ring lies free within the bulla and takes no 
part in the formation of the external auditory meatus. These 
-observations I have been able amply to confirm from my own 
material. The interior of the bulla can readily be examined by 
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removing the thin floor of the cavity (text-fig. 10). The hypo- 
tympanic sinus is simple and undivided. Between the tympanic 
cavity proper and the anterior chamber of the bulla is a slight 
constriction where the promontory lies opposite the tympanic 
membrane . The foramen ovale an d foramen rotund urn occupy 
the usual position, and immediately behind the former is a small 
fossa marking the origin of the stapedius muscle. The sinus 
epitympanicus, which lodges the head of the malleus and the 
body of the incus, is partially separated from the rest of the 
tympanic cavity by a sharp incomplete septum projecting down 
from the roof, and is bounded posteriorly by the prominent 
osseous canal for the facial nerve. Medial to the sinus epi- 
tympanicus, in the roof of the bulla, are two loculi (text-fig, 10, 

A and 0), separated by incomplete septa from each other, from the 
sinus epxtympanicus and from the rest of the anterior chamber of 


Text-figure 10. 



Ventral aspect of the Tympanic Region of the Skull after the removal of the 
greater part of the bulla. (X 4.) A, B, C. (see text). JE.c. Entocarotid. 

the bulla, and separated from the intracranial cavity by a thin 
transparent plate of bone. From the anterior of these loculi the 
auditory tube opens at the anterior extremity of the bulla. The 
promontory is a rounded swelling on the medial wall of the tym- 
panic cavity, over the summit of which arches the osseous canal 
containing the entocarotid artery. At the most elevated part, of 
the promontory, about 3 mm. from its point of entry into the 
bulla, the entocarotid gives off its branch, the arteria stapedia. 
The latter courses dorsally and posteriorly to run in an osseous 
canal through the stapes and thence to the roof of the tympanic 
cavity. The entocarotid continues in an upward and forward 
direction towards the opening of the auditory tube. 

An examination of the intracranial aspect in specimen A, in 
which there was no fusion between the alisphenoid and temporal 
bones, showed clearly the composition of the roof of the tympanic 
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cavity. Thus, referring to the lettering in text-fig. 10, area A 
of the roof is formed by the well-developed tympanic wing of 
the aliKphenoid, which is markedly concave on its lower aspect. 
Area 0 is formed by the os petrosum, and area B by the os bullae 
(eritotympanic element), covered on its upper surface by a thin 
plate derived from the alisphenoid. It may be noted here that 
a much larger proportion of the roof of the tympanic cavity is 
formed by the alisphenoid in Ptilocercus than in Tupaia. The 
endocranial features of the temporal hone will be described in 
connection with the intracranial cavity as a whole. 

The Auditor y Ossicles . — In order to render the account of these 
ossicles intelligible, they are here considered in comparison with 
those of Tupaia minor and Lemur varius. The malleus has a 
somewhat globular head. Compared with Lemur the head is re- 
latively broader, and it ends anteriorly in a blunt pointed process 
which projects forwards. This process, however, is not equally 
developed in all specimens. The head is bent medially on the 
shaft more acutely, and does not extend upwards above the level 
of the articular surface. The latter is relatively more deeply 


Text-figure 11. 



Tympanic ring and ossicles of right ear, viewed from the lateral aspect. (X 6.) 

notched and not so evenly concave. In Tupaia minor , on the 
other hand, the malleus is much less Lemur-like. Here the head 
is relatively small, and compressed from above downwards so that, 
it forms a flattened plate projecting medialwards at right-angles 
to the upper end of the shaft. The posterior border of the head 
is wholly taken up by the facet for the inpus, and this facet is 
considerably narrowed from above downwards and elongated 
medio-laterally. The anterior border of the head projects forwards 
as a point similar to that in Ptilocercus. The shaft of the 
malleus in both Tupaia and Ptilocercus is flattened from before 
backwards and convex medially. There is no processus muscu- 
lavis to be seen in either species as in Lemur . The processus 
brevis is better marked in Ptilocercus than in Tupaia minor. In 
the latter it merely forms part of the rounded lateral margin of 
the manubrium where the latter bends medially to join the head. 
There is no development of a lamina on the malleus. The incus 
of Ptilocercus , compared with that of Lemur , shows a relatively 
Stouter superior crus, a relatively smaller body, and a rather 
wicl^r angle between the crura. The articular facet for the 
Prog. Zool* Soa — 1926, No. LXXVIII. 78 
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malleus is very similar. The incus of Tupaia minor closely 
resembles that of Ptilocercus except that the superior crus is not 
quite so stout, the body comes more to a point at the medial side 
of the articular facet, and the latter is much more concave from 
above downwards. The lower end of the inferior crus of the 
incus is slightly expanded to form a Sylvian apophysis, but there 
is quite definitely no separate o$ orbicnlare here. 

The stapes exhibits no points of difference for comment. 

The Annulus tympanicus is an incomplete ring of bone 
grooved on its concave aspect by the sulcus tympanicus. Antero- 
superiorly it shows a small flange-like expansion, by which it is 
attached to the squamosal, and which is visible from the lateral 
aspect in the articulated skull. 

The Ethmo-turbinal System. — The maxilio-turbinal extends 
from the level of the second molar tooth forwards. It is 
a relatively simple scroll covered by vascular mucous membrane. 
Anteriorly it is continued forwards by a ridge of mucous 


Text-figure 12. 



I. Naso-turbinal. II, II a, III, 1 V. Endo-turbinala. lap. C. Papillary cartilage. 

Op. F. Optic foramen. Max.Antr. Maxillary antrum. (X 3.) 

membrane supported by the anterior end of the recurrent nasal 
floor cartilage and the lateral part of the alar cartilage. Just 
within the aperture of the nostril this ridge expands to form a 
rounded swelling on the floor and lateral wall of the nasal fossa 
covered by richly vascular mucous membrane. It is on the lower 
and medial aspect of this elevation that the lachrymal duct opens 
into the inferior meatus. The naso-turbinal extends as far 
forward as the level of the first incisor, the second endo-turbinal 
to the level of the second incisor. This turbinal possesses a 
secondary scroll triangular in shape from the medial aspect, 
which reaches to the level of the last premolar. The third endo- 
turbinal is somewhat quadrilateral in shape and projects down- 
wards and forward^, reaching anteriorly as far as the level ©f the 
first molar. The fourth turbinal hangs downwards from the pos- 
terior part of the cribriform plate. Immediately above the 
posterior extremity of the maxilio-turbinal and below the third 
ethmo-fcurbinal is a, circular orifice leading into the shallow 
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vertical maxillary antrum. This cavity is lined by mucous 
membrane embedded in which is an abundance of mucous glan- 
dular tissue. Serial sections through the nasal cavity indicate 
that there are two ecto-turbinals only. Herein P til ocer cas 
shows complete agreement with Tupaia. 

The Palatine . — This bone forms about the posterior quarter of 
the bony palate, and in the suture between it and the tuberosity 
of the maxilla is a foramen for the posterior palatine vessels and 
nerves. The orbital plate of the palatine is relatively extensive, 
reaching from the level of the foramen rotundum posteriorly to 
the lachrymal in front, thus completely separating the orbital 
plate of the frontal from the maxilla. The middle of the 
palatine here is perforated by one or two nasopalatine foramina. 
There is thus complete agreement in the construction of the 
orb i to- temporal region of the skull between the Tupaiidm and 
the Lemurs (33). 

Mandible . — The horizontal ramus is slender, ending anteriorly 
in a sloping symphysis 5 mm. in length. The small mental 
foramen is situated below the middle premolar tooth. The 
ascending ramus is broad and strongly built. Its lateral surface 
is hollowed out by the attachment of the powerful masseter. 
The angle of the jaw forms a curved, pointed process which pro- 
jects backwards and very slightly medially. The coronoid process 
is large and somewhat recurved. The neck of the condyle is 
short and the articular surface forms a transversely oval flattened 
facet. 

The Intracranial Cavity. 

Anteriorly are to be seen the oval olfactory fossae, of which the 
floor, the anterior wall, and the anterior part of the lateral wall 
are perforated by numerous small foramina for the passage of the 
olfactory nerve filaments. The optic foramina are well separated 
by the body of the presphenoid from each other, and by a rela- 
tively thick bar of bone from the combined sphenoidal fissure 
and foramen rotundum which lies posterolateral to it. Extending 
back in the midline from the level of the foramen rotundum and 
sphenoidal fissure to the pituitary fossa is an elevated median 
ridge separating on either side the broad grooves for the 
ophthalmic and maxillary divisions of the fifth nerve. The 
pituitary fossa is quite well defined though shallow, and is 
bounded behind by a prominent dorsum sell®. The latter is 
surmounted by stout, slightly-curved posterior clinoid processes. 
Lateral to the dorsum sell® are faint grooves for the accommodation 
of the inferior petrosal venous sinuses. The endocranial aspect 
of the petrous bone shows a large internal auditory meatus and 
a capacious parafloccular fossa. The superior border of the 
petrosal is prolonged medially to form a projecting spicule of 
bone, the petroclinoid process, ending in a free point. At the 
lateral extremity of the petrosphenoid suture is a small foramen 
through which the stapedial artery passes into the cranial cavity. 

78 * 
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A conspicuous groove runs forwards from this foramen across 
the lateral wall of the cranial cavity to reach the opening of the 
sinus canal anteriorly. Immediately lateral to the point of 
entrance of the stapedial artery is the large postglenoid foramen. 
Communicating with this foramen are anteriorly a small groove 
for the meningeal vein which accompanies the stapedial artery, 
and posteriorly a large groove which tunnels through the petrosal 
to reach the groove for the lateral sinus. 

The foramen ovale is a large slit-like opening leading up to 
which is a broad groove for the mandibular division of the fifth 
nerve. 

Cranial Foramina . 

The antorhital foramen is large and lies immediately over the 
last premolar tooth. It leads into a short infraorbital canal 
which has the usual disposition. 

The malar foramen has already been mentioned. It is much 
smaller than that in Tupaia , and it may l>e double. 

The supraorbital foramen is absent, 

The optic foramen is conspicuous and, as usual, is situated in 
the orbitosphenoid. Immediately above it lies the opening of 
the sinus canal . 

The sphenoidal fissure and the foramen rotundum are always 
confluent, but they are usually incompletely Repainted by a small 
spicule of bone projecting forward from the alisphenoid. 

The alisphenoid canal is very small and tunnels the base of the 
lateral pterygoid process, opening anteriorly by a separate 
foramen immediately lateral to the foramen rotundum. 

The ethmoidal foramen pierces the orbital plate of the frontal 
in front of the suture between it and the orbitosphenoid. 

The nasopalatine foramina , usually two in number, pierce the 
middle of the orbital plate of the palatine bone. 

The foramen ovale is large and slit-like. It lies well in front 
of the bulla and is not obscured by it as in Tupaia. There is no 
foramen spinosum. 

The post glenoid foramen is large. 

The stylomastoid foramen is situated on the lateral as^cfc of 
the skull immediately above and behind the auditory meatus and 
overhung by the supramastoid tubercle. 

The foramen lacemm posterius is divided into two parts by an 
elongated gap in which the ospetrosum is exposed on the base of 
the skull. Through the minute anterior foramen passes the 
inferior petrosal venous sinus. Through the posterior larger 
aperture the internal jugular vein and the IXth, Xth, and Xlth 
cranial nerves leav^ the cranial cavity. 

The hypoglossal canal is single and occupies the usual position. 

There may or may not be a post-condylar foramen. 

The carotid foremen for the transmission of the entocarotid 
artery is situated at the medial margin of the bulla where the 
latter articulates with the petrosal and immediately in front of ' 



ANATOMY OF THE PEN-TAILED TREE-SHREW. 


1201 


the foramen for the internal jugular vein. It is not visible from 
the direct basal view of the skull, as it is hidden by the convex 
medial margin of the bulla. 

The mprasqnamosal foramen is a minute opening on the lower 
part of the parietal leading into a vascular canal which runs 
downwards and forwards to the region of the post-glenoid foramen 
through the squamosal. 

The anterior palatine foramen forms an elongated oval opening 
the margins of which are chiefly formed by the palatal processes 
of the preinaxillse. 

The posterior palatine foramina are small. In addition there 
is a pair of accessory palatine foramina situated in the suture 
between the palatines and the palatal processes of the maxillae. 

The mental foramen lies immediately above the middle lower 
premolar. 


The Dentition. (PI. IJJ.) 


The dentition has already been considered in detail by Gregory. 
The present account is based on a personal study of a series of 
adult and immature skulls. The following is the foimula which 
has been generally adopted for the Tupaiida* : — 


r. 


12 

W 


C. \ 

i 


I\2?4. M 123 
2J4 123 


Permanent Dentition. 

J l is n large vertical tooth, subcaniniform and ending in a sharp 
point. It shows an indication of a posterior basal cusp. It is 
separated from its fellow by an interval of 2 mm. It has a 
single root. 

I 2 is separated from V by a short diastema. It is also a 
relatively large tooth, but does not project down quite as far as 
I 1 . There is a small posterior basal cusp and a very faint 
indication of an anterior one. It has a single root, flattened 
from side to side and showing a longitudinal shallow groove on 
its lateral aspect. In his specimen Gregory noted a suggestion 
of an alveolus for a third incisor. In the specimens which I 
have examined, however, 1 have not been able to identify such a 
rudimentary socket, nor is there any indication of such a thing 
in the serial sections through the jaws of specimen B. 

The canine is separated from the second incisor by a short 
diastema. It is a small tooth with a posterior basal cusp, closely 
resembling the premolar behind. It has two roots. 

P 2 is very similar to the canine but slightly smaller. P 3 is a 
little larger, with the posterior basal cusp more pronounced and, 
in some specimens at least, a distinct protocone. This tooth is 
placed obliquely so that its antero-posterior axis is directed back- 
wards and lateral wards. P 4 is much larger and molariform, but 
is dominated by a large paracone which reaches down below the 
level of the cusps of all the teeth except the first incisor. The 
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protocone is low but distinct. There is a small anterior basal 
cusp but no cingulum. P 8 and P 4 have three roots, two lateral 
and one medial. 

M l shows a large protocone. The para- and metacone are 
equal in size. The hypocone is evident as an upgrowth from the 
internal cingulum, which is also present. An external cingulum 
is apparent, forming a parastylc and metastyle. There is no- 
mesostyle as in I'upaia. The nietastyle is the larger and is 
obliquely placed. A small protoconule is present at the anterior 
margin of the tooth midway between the protocone and paracone. 
The protoloph crest is low and insignificant. 

M 2 is similar to M l , but rather larger, with a more prominent 
mefcastyle which forms an angle projecting postero- laterally. The 
hypocone is not quite so large, while the protoconule is a little 
more distinct. 

M s is a much smaller tooth. The crown is rendered triangular 
by an accentuation of the parastyle, disappearance of the meta- 
style, displacement medialwards of the metacone, and disappear- 
ance of the hypocone 

The upper molars each have three roots. 

Ij lies in close contact with its fellow of the opposite side. It 
is a procumbent, styliform tooth which continues forwards the 
curve of the symphysis menti. 

I 2 is stouter and a little longer than I 4 . It is also procumbent, 
with a somewhat flattened lingual surface which gives it a 
tendency to a spatulate form. 

I a is very diminutive. It has a small posterior basal cusp and 
is procumbent in series with the anterior incisors. 

The canine is subpretnolarifonn, with a posterior basal cusp 
and an internal cingulum. It has one root. 

P 2 is similar to the canine but smaller, while P 8 is again rather 
smaller than P 2 , P 4 is much larger and more molariform. It 
has a prominent pointed cusp showing a faint cuspule on ite 
anterior margin and a flattened basal cusp posteriorly. It has 
two roots. In M, the protoconid is prominent and, with the 
metaconid and a smaller cusp, the paraeonid, forms the primitive 
tritubercular pattern. The protoconid and metaconid are joined 
by a sharp crista obliqua which separates the trigonid from the 
talonid basin behind. The hypoconid and entoconid are about 
equally developed, and there is a suggestion of a hypoconulid, 

M 4 is similar to M r M § is narrower and the cusps are smaller 
except for the hypoconulid, which is very distinct. The lower 
molars have two roots. 

Deciduous Teeth . — An examination of immature specimens 
revealed the following points. I d l is similar in shape to the 
permanent tooth, hut it is smaller than Id 2 . I d x and Id a are 
similar to the permanent lower incisors except that I d % has a 
distinct posterior basal cusp. 

The deciduous canines and first two premolars call for na 
remark. Pd 4 is molariform, with a well-developed parastyle and 
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internal cingulum, the latter showing a very small hypocone. 
Pd 4 is also molariform, with an elevated trigonid and a deep 
talon id basin. 

The Hyoid Apparatus . (Text-fig. 52.) 

The basihyoid consists of an evenly-curved bar of bone 
flattened antero-posteriorly but presenting no expansions. The 
thyrohyal projects laterally, articulating with the basihyal by 
fibrous tissue. It is about the same length as the basihyal. The 
ceratohyal is somewhat triangular in shape with a slightly 
concave anterior surface. The epihyal is twice the length of the 
ceratohyal, and on the right side of specimen A (see text-fig. 52) 
this element was divided into two equal segments joined by an 
articulation. The stylohyal is an elongated, sabre-shnped piece 
of bone, broadening out posteriorly where its concave medial 
surface fits accurately over the convexity of the tympanic bulla. 
The posterior extremity of the stylohyal is attached by ligamen- 
tous tissue to the temporal immediately behind the stylomastoid 
foramen. Deep to and intermingling with the fibres of origin 
of the digastric muscle were found some muscle-fibres running 
from the surface of the bulla to the stylohyal, evidently repre- 
senting a M. stylomastoideus. 

The Pobtcranial Skeleton (PI. IV.). 

The Vertebra. 

The cervical vertebrae are seven in number. The atlas' is 
considerably wider than any of the succeeding cervical *\>r 
thoracic vertebrae. The dorsal arch forms a quadrilateral plate 


Text-figure 13. 
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ABC 

A. Atlas from ventral aspect. K Atlas from cephalic aspect. 

C. Axis from lateral aspect. (X 2.) 

broad in the anteroposterior direction. It shows a feeble median 
tubercle close to its cephalic border and a well-marked ridge 
which runs parallel to this border on either side from the 
tubercle. Close to the lateral extremity of the dorsal arch is a 
small foramen for the suboccipital nerve. The ventral arch 
becomes rapidly attenuated towards the midline, where it shows 
a conspicuous rough tubercle for the attachment of the upper 
fibres of the longus colli. On the lateral part of the ventral 
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arch is a small foramen for the passage of the anterior primary 
division of the first cervical nerve. The base; of the transverse 
process is tunnelled by the vertebrarterial foramen, dorsal to 
which is a very minute and presumably vascular foremen. The 
condylar articular surfaces are widest and furthest apart dorsally, 
becoming attenuated and approximated to each other ventrally. 
The axis has a prominent spine which projects forwards as a 
hook-shaped process. The body is flattened dorsoventrally and 
is marked on its ventral surface by a median ridge. The 
odontoid process juts forwards and slightly dorsally. The trans- 
verse process is very small. 

The seventh cervical vertebra has a prominent spine of the 
thoracic t} r pe. The pleuropophysis is apparently undeveloped, 
and there is no vertebrarterial foramen. The remaining cervical 
vertebra? have low non-bifid spines. The facets of the prezy- 
gapophyses look medialwards and slightly forwards and dorsally, 
the postzygapophyses facing in the opposite direction. The 
costal elements of the transverse processes become progressively 
better developed from the second to the sixth vertebra, and in 
the latter it projects caudally ventral to the transverse process 
of the seventh. The lamina? of the cervical vertebras are 
relatively broad and imbricated. 

The spines of all the thoracic vertebra? are low and incon- 
spicuous. The eleventh is the anticlinal vertebra. The lamina? 
are broad. In the lumbar vertebra?, also, the spines are poorly 
developed but are a little more prominent in the last two. The 
metapophyses are very evident, but the annpophyses are feeble. 
The parapophyses are slight in the first three lumbar vertebrae, 
but form more prominent pointed processes in the last two. 
The prezygapophyses face medially, and the postzygapophyses 
laterally. 

The sacrum is formed of three fused segments; and is less than 
one and a half times as long as it is broad. The spines are fused 
to form a low median crest. 

The anterior two segments articulate with the ihum. 

The caudal vertebrae number altogether 31. The first five 
show prominent flattened parapophyses, well-developed spines 
and metapophyses, and, with the exception of the first, have 
relatively large hypapophyses. 

The Sternum . — The presternum forms a triangular flattened 
plate of bone. Proximal ly it ends in a blunt point and laterally 
it extends out to tbe first rib. Distally it narrows considerably. 
Along the medianjine of the ventral surface is a well-marked 
median ridge which separates on either side a somewhat con- 
cave area for the attachment of pectoralis major. No episternal 
ossicles were detected. The mesosternum consists of five ster- 
nebrse, each of which is slightly constricted in the middle. The 
metasternum is osseous in its proximal half, and distall y expands 
to form a thin leaf-like plate of cartilage. Qn the deep aspect 
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of the sternum is a strong glistening common ligament which 
-extends anter#|K»terioily and hinds the segments together. 

The Riba are fourteen in number. Eight or nine of these 
articulate directly with the sternum, three or four indirectly, 
and the posterior two are free or “ floating ribs.” As Gregory 
has pointed out, the ribs show a strong contrast to those of 
Tupaia in their broad and flattened shape. The vertebral ribs 
are conspicuous for their width and are flattened so that the 
external surfaces are distinctly concave. The intercostal spaces 
are thus left as mere slits. The costal cartilages all show 
a granular ossification to form a series of sternal ribs. Jn the 
ease of the first rib ossification has proceeded to such a degree 
that there is no distinction to be seen between the vertebral and 


Text-figure 14. 



The Sternum and Ribs. Ventral a&pect. (X 

sternal components. The sternal end of the first rib is expanded 
to form a flat triangular surface. In the second rib also, the 
ossification of the sternal element is more marked than m the 
more caudal ribs. It is to be noted, also, that the ossification of 
all the sternal ribs is greater on the ventral than the dorsal 
aspect, so that the costochondral junction is much more 
conspicuous and better defined on the dorsal aspect. 

The Upper Extremity (PI. II.). 

The Clavicle . — This bone measures about 10 mm. in length. 
It is relatively stout and, laterally, curves in a dorsal direction. 

The Scapula . — The cephalic and vertebral borders are gently 
convex, the junction between the former and the head of the 
scapula being marked by a shallow suprascapular notch. The 
axillary border is strongly everted and ends at the inferior 
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angle in a narrow rough area for the origin of teres major. The 
spine is relatively high and terminates laterally in a short 
flattened acromion process. The latter shows a small meta- 
cromial projection. The infraspinous fossa is larger than the 
supraspinous, and is further deepened by the eversion of 
the axillary border. The coracoid process is slender and slightly 
compressed in a dorsiventral direction. The glenoid cavity 
is markedly concave from above downwards. It forms a narrow 
surface extending up the lateral aspect of the base of the 
coracoid process, where it terminates in a distinct supraglenoid 
tubercle, but broadens out where it meets the axillary border. 

The Humerm . — The articular surface of the head is evenly 
globular and faces in the same direction as the olecranon fossa 
at the distal end of the bone. The two tuberosities are well 
developed and of equal size. Between them passes the relatively 
broad bicipital groove. The prominent lateral margin of this 
groove is continued down into a conspicuous sharp-edged deltoid 
eminence. The medial margin is also very evident and presents 
a roughened ridge for the attachment of the teres major muscle. 
The shaft of the humerus is gently curved with a forward 
convexity exaggerated in appearance by the deltoid eminence. 
The lower end of the shaft is considerably broadened by the 
development of the supracondylar ridges. The lateral ridge is 
expanded to form a sharp supinator crest, which curves with a 
posterior convexity down to the lateral epicondyle. The lateral 
epicondyle is inconspicuous, but the medial epicondyle projects 
distally as a blunt pointed process. There is a well-marked 
entepicondylar foramen. The trochlear surface for the ulna has 
the usual form, the medial margin projecting distally beyond the 
level of the lateral margin. The capitellum is somewhat large 
relatively to the trochlea, and is separated from the latter by a 
distinct groove. It is not prolonged on to the posterior aspect 
of the lower extremity. The coronoid, radial, and olecranon 
fossae are all present. 

The Hadius . — The shaft is gently curved dorsally and laterally. 
The proximal articular facet shows a well-marked concavity for 
the capitellum, and is broadly oval in shape. The bicipital 
tubercle is distinct, and the middle of the lateral border of the 
shaft is extended outwards into a sharp-edged expansion for 
the attachment of pronator teres. The medial border of the 
shaft tends to be somewhat uneven owing to irregular ossi- 
fication extending into the interosseous membrane. The grooves 
on the dorsal aspect of the distal extremity are well marked, that 
for abductor pollicis longus being bounded anteriorly by a 
prominent tubercle. The distal articular facet is triangular and 
concave. The styloid process is short and blunt. 

The Ulna is much more slender than the radius. The shaft 
is flattened laterally above and cylindrical below. The great 
sigmoid notch is narrowly constricted in the centre. The 
olecranon process is prominent, and, indeed, is the most strongly 



ANATOMY OF THE PEN-TAILED TREE-SHREW. 1207 

developed part of the bone. The interosseous border, like that 
of the radius, tends to be uneven. The distal extremity is 
slightly expanded, flattened laterally, and produced into a short 
styloid process. The distal articular facet is oval in shape, 
oblique, and somewhat convex. 

The Carjpas . — The bones of the carpus are 9 in number, all of 
which are perfectly separate. The Scaphoid has a large and 
prominent tubercle. Its distal surface is deeply concave for 
articulation with the os centrale. The Lunate is less than half 
the size of the scaphoid. On its distal aspect it has a narrow 
facet for articulation with the os magnum. The Os centrale is 
approximately the same size as the lunate, its dorsal surface 
being considerably broader than the ventral surface It has a 
deep concave facet for the os magnum. The Cuneiform articu- 
lates directly with the ulna and, in addition, articulates also 
with the lunate, unciform, and pisiform. The Pisiform is 


Text-figure 15. 



Bones of the Fore-foot. Palmar aspect. (X 2|.) 

somewhat dumb-bell shaped, with a large proximal extremity 
which articulates equally with the cuneiform and ulna. The 
Trapezium has a facet for the first metacarpal which is concavo- 
convex and considerably expanded in a transverse direction. 
No groove is to be found on this bone, but there is a small 
tubercle on its palmar aspect. The 2'rapezoid is a small cubical 
bone which has the usual articulations, The Os magnum has an 
attenuated head, compressed laterally, which projects proximaily 
to reach and articulate with the lunate. Distally it articulates- 
with the metacarpals of the index and medius digits, hut gains 
no contact with the metacarpal of the annularis digit. The 
Hamate is broad and triangular in shape. It articulates distally 
with the metacarpals of the 4th and 5th digits and by a narrow 
articular border with the base of the 3rd metacarpal. 

The First Metacarpal is shorter and slightly stouter than the 
other metacarpals. Its base shows a concavo-convex facet for 
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the trapezium, and on the radial side of the base, the tubercle 
for the attachment of the abductor pollieis longus tendon is 
produced into a tongue-shaped styloid process. The other 
metacarpals and the phalanges offer no special features for 
•remark. 

Articulating with the palmar aspect of the trapezium is 
a small fusiform ossicle which evidently represents the radial 
sesamoid or prepollex. It gives attachment to some fibres of the 
thenar muscles. 

The Lower Extremity (PI. 11.). 

The Os innominatwn . — This bone is somewhat slender and 
fragile in build. The obturator foramen is relatively large and 
almost circular in shape, in the adult the elements of this bone 
are completely fused together. The acetabulum is of the usual 
shape, though the ischial component of the articular surface 
is slightly expanded. The cotyloid notch is well developed. 
The symphysis is extremely abbreviated, measuring not more 
than 3 mm. in length and confined to the pubic element. The 
ilium is rod-shaped and prismatic in section, but it shows a 
tendency to a spatulate form in the slight hollowing out of the 
dorsal part of the lateral surface which gives attachment to 
the gluteus medius. The crest forms a blunt rounded point, 
somewhat everted, and the sacral area is small, articulating with 
the first two segments of the sacrum. Immediately above the 
acetabulum there is a conspicuous tubercle for the attachment 
of rectus femoris and the capsule of the hip-joint. The pubis 
shows a small pectineal eminence and the ischial tuberosity 
forms a small spur-like process. There is the slightest indication 
of an ischial spine. The isehio-pubic ramus bounding the 
obturator foramen distally is extremely slender. The ilium and 
ischium lie in more or less the same straight line, but the ilium 
and pubis are inclined to one another at an angle of about 150°. 

Femur . — The shaft of this bone is perfectly straight. The 
articular surface of the head is spherical and marked in the 
centre by a foveal pit for the ligamentum teres. The great 
trochanter is prominent and projects proximaDy not quite as 
far as the head. It is excavated posteriorly by a large digital 
fossa. The lesser trochanter is also very conspicuous. The 
third trochanter or gluteal tuberosity is represented by an 
expansion of the lateral border of the shaft immediately distal 
to the level of the lesser trochanter. At the distal extremity 
the patellar surface is broad and symmetrical. The two arti- 
cular condyles are separated by a relatively broad intercondylar 
notch. Of the two* the medial condyle is broader and more 
divergent from the aacis of the intercondylar notch. A pit for 
the origin of popliteus on the lateral epicondyle is distinct. 

The Patella is present as a single bone which articulates in 
the usual way with the trochlear surface of the femur. 

The Tibia . — The shaft is triangular in section in the upper 
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third and cylindrical in the lower two-thirds. The tibial crest 
is well developed in the upper third. The articular condyles 
are of approximately equal size, the medial being a little 
broader. They are separated by a relatively broad interarticular 
rough area. The surface of the condyles is directed upwards 
and very slightly backwards. The distal extremity of the shaft 
shows a conspicuous groove on its postero-medial aspect for 
the tendons of flexor tibialis and tibialis posticus, bounded 
medially by a sharp tubercle which serves to attach the strap- 
like ligament under which these tendons pass. The medial 
malleolus is a prominent, sharp-pointed process on the lateral 


Text-figure 16. 



Bones of the Hind-foot. Dorsal aspect. ( X 2£.) 

aspect of which is a concave facet for articulation with fche^ 
astragalus. 

The Fibida is long and slender and completely separate from 
the tibia. Its proximal extremity shows a triangular ex- 
pansion, concave on its medial aspect. On the upper border 
of this expansion is an elongated sloping facet for the tibia. 
The distal extremity is slightly bulbous, with an oval facet 
on its medial surface for articulation with the astragalus and 
a well-marked peroneal groove posteriorly. It forms a short, 
blunt styloid process below. 

The Astragalus (PL II.)— The upper articular surface for the 
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tibia shows a shallow lateral concavity and an antero-posterior 
convexity. The fibular margin is elevated to a slightly higher 
level than the tibial. The surface is broader anteriorly. The 
facet on the medial side of the body for the medial malleolus 
is oval, concave from before backwards, and is prolonged on 
to the medial aspect of the neck where it becomes continuous 
with the sustentacular facet. The fibular facet is a little 
larger and is flattened and semicircular in shape. This surface 
is not perfectly vertical, but slopes downwards and slightly 
lateral wards. On the lateral aspect of the body, postero- 
inferiorly to the fibular facet, is a rough area for the attach- 
ment of a fasciculus of the fibular collateral ligament. The 
groove for the flexor flbularis tendon is well developed on the 
posterior surface of the astragalus, and is continued on the 
plantar aspect of the bone as far forward as the medial extremity 
of the sinus tarsi. The ectal facet is markedly concave from 
.side to side, and is distinctly larger than the sustentacular 
facet. The latter forms an oblique oval surface which extends 
along the plantar aspect of the neck of the astragalus from 
the sinus tarsi to the head. The neck projects forwards and 
medially and terminates in a head which bears a transversely 
oral and forwardly directed facet for articulation with the 
navicular. 

The Oaloanemn . — Behind the articular surfaces, this bone 
is compressed laterally and it is slightly curved medially at 
its posterior end. The peroneal tubercle is well developed, 
forming a grooved shelf ori which are supported the peroneal 
tendons, and giving origin to the accessorius muscle from its 
lateral margin and plantar aspect. The sustentaculum forms 
a prominent pointed process with a convex plantar surface, 
and bearing on the upper surface a facet concave laterally. 
The anterior part of the dorsum of the bone shows a relatively 
broad flat surface for the origin of the extensor brevis digitorum 
muscle. The posterior surface of the tuberosity is oval vertically 
and slightly convex. The facet for the cuboid is concave in 
all directions. 

The Scaphoid . — The proximal surface of this bon© is strongly 
concave dorsoventrally and roughly triangular in shape, the 
dorsolateral lip of the articular surface being produced into a 
definite point. There is a large triangular facet on the lateral 
surface for articulation with the cuboid. Of the anterior facets, 
that for the mesocuneiform is the largest and is markedly 
concave laterally. There is a flattened facet v for the ectocunei- 
form and a slightly convex lunate facet for the entocuneifonn. 
On the ventral aspect is a feeble tubercle for the attachment 
of tibialis posticus. 

The Cuboid . — This bone shews a large convex oval facet 
proximally for the calcaneum, a broad dorsal surface narrowing 
anteriorly, and distally an oval, very slightly concave facet 
for the two lateral metatarsals. The groove for the peroneus 
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loragus on the ventral aspect is well-marked. It should be 
noted that there is no articulation between the cuboid and the 
astragalus as would appear to be the case in Tupaia. 

Entocuneiform . — This bone is elongated, terminating posteriorly 
in a point which projects back on the plantar aspect of the head 
of the astragalus. The proximal facet is elongated, concave, 
and very oblique, forming a continuous articular surface for 
the scaphoid and the mesocuneii'orm. The distal end of the 
medial border projects medially and distally to form a blunt 
flattened process. The anterior facet for the metatarsal of the 
hallux is roughly square and is concave dorsoventrally and 
♦convex laterally. It is disposed a little obliquely. On the 
medial margin of the bone is an elongated facet for the 
u prehallux.” There is no articular facet for the second 
metatarsal. 

The Mesocuneiform shows a proximal facet which forms a 
trochlear surface, concave dorsoventrally and convex laterally, 
for the scaphoid. The dorsal surface is constricted in the middle, 
expanding somewhat proximally and distally. 

The Ectocuneiform is rectangular in shape and shows a well- 
marked facet for the second metatarsal on its medial aspect. 

The Prehallux is a small fusiform ossicle lying along the 
medial margin of the entocuneiform and articulating with this 
bone by means of a synovial joint. 

The first metatarsal, in being much shorter and stouter than 
the other metatarsals, is markedly differentiated from them. 
The proximal extremity has a concavo-convex facet for articulation 
with the entocuneiform, and on the flbular side of the base is 
a rounded tubercle marking the attachment of the peroneus 
longus tendon. The proximal phalanx of the hallux is likewise 
a stout bone compared with the proximal phalanges of the other 
digits, indicating, perhaps, some specialisation of function. The 
other metatarsals and phalanges show no feature worthy of 
special note. 

Sesamoid Bones . — In the upper extremity, a small sesamoid 
is found in the origin of the supinator brevis muscle, and a pair 
of sesamoids in the insertions of the short flexors of the digits in 
connection with all the mefcacarpo-phalangeal joints. In the 
lower extremity, there is a small ossicle in the substance of 
the external lateral ligament of the knee-joint, and a fabella 
is present in each of the heads of the gastrocnemius muscle. 
As in the hand, a pair of sesamoids is found on the plantar 
aspect of each metatarso- phalangeal joint embedded in the 
capsule of these joints at the insertion of the short flexors. 
The sesamoid bones which are developed in the long flexor 
tendons in the palm and the sole will be described in the 
eecbion dealing with the myology. The radial and tibial sesa- 
moids found in the carpus aftd tarsus do not properly come 
into the present category, since they are not developed in 
connection with any tendon or ligament. 
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The Brain . 

The brain of specimen 0 was removed entire from the skull. 
After an examination of its superficial aspect, the brain was 
cut in half. One half was used for gross dissection and the 
other cut in serial sections at a thickness of 15/*. Alternate 
sections were mounted on different slides, so that two repre- 
sentative series were thus obtained. One series was stained 
with 1 per cent. Toluidin Blue and the other with Iron 
Hssmatoxylin to show the myelination. The condition of the 
brain was not as good as could be wished for histological 
purposes, but the staining was sufficiently successful to allow 
a fairly complete study to be made of the internal structure 
and especially the cortical lamination. 

The weight of the brain as a whole was 1*29 grams and the 
weight of the animal 43*5 grains. The brain weight is thus 
about l/34th of the body weight, which is considerably less 
thau the ratio in Tupaia minor, an animal with almost the 
same body weight as Ptilocercus . 

The Cerebrum, 

Viewed from the lateral aspect, the hemisphere is seen to 
be low and elongated antero-posfceriorly. The superior border 
is slightly arched, showing a faint depression which corresponds 

Text-figure 17. 



R$s TubOlfect 


Lateral view of the Brain. (X 3.) 

to the position of the bregma. The distance between the* 
extremities of the frontal and occipital poles is 14 mm. The 
frontal pole overlaps the posterior third of the olfactory bulb. 
The occipital pole overhangs the anterior surface of the cerebellum 
to a small extent. Tjhe temporal pole is blunt and rounded, and 
shows a flattened surface where it comes into contact with the 
floor of the middle cranial fossa. A well-marked ectorhinal 
Assure runs back almost horizontally, separating the neopallium 
from the piriform lobe, so that the latter forms practically 
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the whole of the lateral surface of the temporal lobe. The 
fissure curves down very slightly posteriorly, and fades away 
before it reaches the posterior border of the hemisphere. The 
piriform lobe is thus exposed widely on the lateral aspect of 
the brain. The olfactory bulbs are large and project relatively 
further in advance of the frontal pole than is the case in 
Tupaia . Each bulb is about 5 mm. in antero-posterior extent 
and terminates in a rounded point. The lateral olfactory 
stria is conspicuous, and below this is the olfactory tubercle, 
a rounded eminence of moderate size. At the junction of 
the anterior and middle thirds of the rhinal fissure is a faint 


Text-figure 18. 



Dorsal view of the Brain. (X3.) 


depression on the surface which accommodates a small blood- 
vessel. 

A dorsal view shows that the hemispheres are somewhat 
constricted anteriorly, where they are affected by the postorbital 
constriction of the skull. The dorsomedial margins keep in 
close apposition as far back as the cerebellum, so that there 
is no exposure of the corpora quadrigemina from this aspect. 

The basal view of the brain shows the prominent olfactory 
bulbs anteriorly which are almost sessile, being connected to 
the base of the brain by very short and thick peduncles. 
Behind on each side is the tuberculum olfactorium, a low, 
Proo. Zool. Soc. — 1926, No. LXXIX* 79 
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oval eminence of grey matter measuring 7 mm. in length 
by 6 mm. in width. Lateral to this is the conspicuous white 
olfactory stria. This is broad anteriorly. Many of its fibres 
can be seen to terminate in the olfactory tubercle, and posteriorly 
it forms a narrow band which curves in rather abruptly to 
reach the piriform lobe. A relatively deep cleft, the arcuate 
fissure, separates the posterior portion of the stria from the 
olfactory tubercle. The piriform lobe is large, and shows on 
its lower surface a hollo wed-out impression where it comes into 
contact with the superior semicircular canal. The ectorhinal 
fissure can be seen from this aspect anteriorly, and lateral to 


Text-figure 19. 



this, a very small portion of the frontal region of the neopallium. 
This is in contrast with the condition found in Tupaia, where 
the ectorhinal fissure is visible in the whole of its extent 
from the basal view. 

The optic chiasma is somewhat small and behind it is the 
tuber cinereum bounded postero-lafcerally by the crura cerebri 
and the oculomotor Serves, The tubercle of the olfactory tract 
could not be identified from the surface. 

The mesial aspect shows a long attenuated corpus callosum 
measuring 5*75 mm, in length. The proportion of the length 
of corpus callosum to *the length of the hemisphere is thus 
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1 to 2 4. Caudal ly it is slightly thickened to form a splenium 
and anteriorly there is a small recurved geuu. Sections indicate 
that the corpus callosum is relatively thinner than iu Tupaia . 
Below is the psalterium curving downwards and forwards 
towards the ventral commissure, fihe latter is distinctly small 
The ocoipital lobe is hollowed out to form two well-marked 
concave impressions, a large one anteriorly for the anterior 
corpus quadrigeminum and a smaller posterior surface for 
the posterior corpus quadrigeminum. These two facets are 
separated by a low ridge along which can be detected a very 
faint calcarine sulcus. Apart from the rhinal and hippocampal 
fissures this is the only indication of cortical sulci to he found in 
the brain of Ptilocercus either macroscopically or microscopically. 
The contact between the posterior corpus quadrigeminum and 
the occipital lob? indicates that the former body is much 

Text-figure 20. 



MpmiiI vitnv of t li« Brain sectioned in the sagittal piano. (X 3J 

better developed than in Tupaia , for in the brain of this 
animal the posterior corpus quadrigeminum is separated from 
the occipital lobe by a considerable interval where the anterior 
surface of the cerebellum lies in eontict with the anterior corpus 
quadrigeminum. Bounding the choroidal fissure can be seen 
the sharply defined fimbria, and caudal to this a relatively 
broad band of inverted hippocampus. The latter narrows rapidly 
above under the splenium of the corpus callosum, and below 
it expands to form an evenly rounded hippocampal tubercle. 
Behind the hippocampus is the broad deutate gyrus, relatively 
rather broader than it is in Tupaia. Separating it from the 
adjacent cortex is the hippocampal fissure. Above, the hippo- 
campal formation turns directly on to the dorsal surface of 
the corpus callosum forming a small subsplenial flexure. 
Histologically, the hippocampal formation can be traced along 

79 * 



1216 


MR. W. E. LE GROS CLARK ON THE 


the dorsal aspect of the corpus callosum as the indusium as 
far as the genu, where it turns down to run into the gray 
matter of the septum pellucidum. 

The Cerebellum . — The cerebellum of Ptilocercu $ is definitely 
less elaborated than that of Tupaia . A sagittal section (text* 
fig. 20) shows the division of the cerebellum into three main lobes. 


Text-figure 21 A. 

Fiss Prima 



Anterior view of Cerebellum. (X 3 ) 


anterior, middle, and posterior, by two main fissures, the fissura 
prima and the fissura secunda. The former is a broad U-shaped 
sulcus which dips down to a considerable depth. Below this fissure, 
the anterior lobe is divided by the fissura preculminis into the 
culmen and the lobus centralis. Each of these lobules is again 
subdivided on the surface into two folia by short sulci which run 


Text-figure 21 B. 



Posterior view of Cerebellum, (x 3.) 


into each other below. The small lingula is hidden from view on 
the anterior aspect, but can be seen in the sagittal section. 
Behind the fissura prima is the middle lobe, which is continued 
laterally into the two lateral lobes. The median lobe is crossed 
by two short sulci which do not become continuous with the sulci 
of the lateral lobes. The lateral lobes are separated from the 
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median lobe by a shallow constriction. Each is divided into a 
series of folia which can be grouped into areas corresponding to 
those designated A, B, and 0 by Elliot Smith in his monograph on 
the morphology of the mammalian brain. Area A consists of one 
folium, area B is divided into two folia, and area C into three. 
Immediately posterior to the median lobe is the pyramid, con- 
tinued laterally by a simple unfissured copula pyramid is into the 
paraflocculus. The latter forms a. conspicuous lobule subdivided 
into live folia and lying in the flocculav fossa of the petrosal bone 
in the undissected bead. Behind the pyramid is the fissura 
secuuda and behind this again, the uvula. The latter forms a 
tongue-shaped projection covering over the posterior medullary 
velum of the fourth ventricle. It is subdivided by a shallow, 
incomplete transverse sulcus. The nodule is hidden from surface 
view by the uvula, but can be seen in section. The small flocculus 
lies under the base of the paraflocculus. It is to be noted that 
the anterior surface of the cerebellum is prevented from coming 
in contact with the anterior corpus <(uadrigeminum by the 
dorsal extension of the posterior colliculus. 

The Mid- and Hind -brains . — The anterior colliculi are hemi- 
spherical bodies measuring 3 mm. in diameter. The posterior 
colliculi, rather paler in colour, form transverse ridges measuring 


Text-figure 22. 

A B 




Transverse sections through the Brain immediately caudal to the optic chiasms 
of A. Vtilocercus and B. Tufxiia minor. (X 4.) 

C.C. Corpus callosum. F. Fornix. Fh.Fiss. Ectorhinal fissure. P. Piriform 
lobe. Op.Tr. Optic tract. The figures refer to Brodiu urn's cortical types 
which are mapped out on these sections. 


3*75 mm. laterally and 1*75 mm. antero-posteriorly, The anterior 
colliculi are thus much smaller relatively to the posterior than is 
the case in Tupaia. This is more clearly to be seen by reference 
to the vertical extent of the bodies as shown in the sagittal 
section (text-fig. 20). The lateral geniculate body is a low 
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rounded eminence on the caudal extremity of the optic thalamus, 
very faintly raised above the surface. The medial geniculate 
body, on the contrary, fonns a vtiy prominent brown tubercle 
measuring 2*25 mm. in diameter and situated on the side of the 
midbrain antero-lateral to the posterior colliculus. 

The ventral aspect of the medulla shows a narrow pons, 2 mm. 
in width, and behind this, the corpus trapezoideum is exposed to 
view. The attenuated pyramidal tracts aie faintly demarcated 
on the surface. The trigeminal nerve emerging from the lateral 
part of the pons is conspicuous for its size, and posteriorly are to 
be seen the seventh and eighth cranial nerves. 

The Internal /Structure of the Brain , — Except for the cortical 
lamination, the details of the internal st-vuctuie, which appear to 
correspond in every way to what might be expected in a genera- 
lised mammalian brain, do not call for description here. It may 
be noted that the composition of the lateral geniculate body 

Text -figure 2Ih 

A B 




Transverse sections through the lhain inmicdiatelj in tiont of the caudal extremity 
of the corpus callosum of A. Ftdocercu* nnd H. Tupaia minor . (X 4.) 

JEJ.&, External geniculate hotly. LU. Inverted hippocampus. Other reference* 
as in the previous figure. 


closely resembles that of Tupaia which has been described in 
detail by Woollard, but its structure is clearly more simple. The 
oculomotor nucleus, likewise, is not so elaborate, and no medianly 
placed groups of large ganglion cells are present. The cochlear 
nuclei of the eighth nerve are well developed. 

The Cortical Ltynination Pattern (see PI. V.). 

A study of the associated series of sections through the cerebrum 
stained to show the cytoarchi tec tine and the myelearchiteeture 
enabled a map of the cortical areas to be made as shown in text- 
fig- 24, In general, the cortex of the neopallium i* relatively 
less thick and not so rich in cells as in the case of Tupaia . For 
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purposes of the present description, a few representative sections 
may be briefly described in order to point out the localisation of 
the cortical areas and their distinctive features. In each series, 
the cerebral hemisphere, from frontal to occipital pole, involved 
192 sections. It will be convenient to take every 24th section 
for description, and thus divide up the length of the hemisphere 
into eight parts. 


Text- figure 24. 



A. Lateral, and B. Mesial aspects of the cerebral hemisphere on which the cortical 
areas have been mapped out. The figures refer to Droadmann’s cortical types. 

1. Post-central. 4. Betz cell area. 6, 7. Parietal. 6. Frontal. 17. Striate. 
18. Pcristriate. 22. Temporal. 13-16. Insular. 23, 24, & 32. Cingular. 
26. Subgemial. 29. Ketrosplenial. P. Piriform lobe. 1). Dentate gyrus, 
if. Inverted hippocampus. H.T. Hippocampal tubercle. P. Fimbria. 

Section 24 of the cortical series. In this section, the frontal 
area appears, extending from the medial border about half- 
way over the lateral surface and for a short distance down 
on the mesial surface. The lamina zonalis is of medium 
thickness and the pyramidal layer is also of moderate width, 
though containing a fair abundance of regularly arranged 
pyramidal cells. The inner granular layer is feebly developed, 
though it is not possible to state that it is entirely absent. The 
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lamina ganglionaris contains many medium or rather large pyra- 
midal cells grouped in a regular layer some six cells deep on the 
average. The lamina multiformis is irregular, relatively deep 
and tends to fade gradually into the subjacent medullary sub- 
stance. Below this area on the mesial surface is a cortical type 
in which the lamina zonalis is thicker, the pyramidal layer narrow 
the inner granule-layer absent, and the cells of the lamina 
ganglionaris smaller thnn in the frontal area. This area is 
clearly the anterior extension of the cingular area, and possibly 
corresponds to the area cingularis anterior dorsalis of Brodmann. 
It extends ventrally as far as the olfactory 2 >eduncle. On the 
lateral surface, lateral to the frontal area, is another type of 
cortex. Here, the lamina zonalis is of the same thickness, but the 
pyramidal layer contains not so many cells anti the latter axe less 
regularly arranged ihan in the frontal area. The inner granule- 
layer, moreover, is somewhat better developed though diffuse 
and there is an absence of large or medium-sized cells in the 
infragranular layers. The lamina ganglionaj is and multiformis 
are imperfectly differentiated from each other. The lamination 
of this legion of cortex is on the whole poorly mai’ked, so that it 
is not easy to define the limits of each cell-layer. This area is 
found on tracing through the sections to be the frontal extension 
of the insular area of the cortex. 

Section 48. In this section, the motor area, or the area giganto- 
pyramidalis appears. A close study of the series indicates that 
it first appears in about the 38th section, but the boundary 
between it and the frontal area is by no means sharp. Jn the 
section under discussion, the motor cortex is found at the dorso 
medial border of the hemisphere, extending for a very short 
distance on the mesial surface and on the lateral surface. The 
pyramidal layer here is relatively narrow, and the inner granule- 
layer poorly developed though it can he identified. The charac- 
teristic feature is the presence of the large Betz cells in the lamina 
ganglionaris. These cells show a multilaminar arrangement. On 
the mesial surface of the hemisphere, below the motor area, is a 
type of cortex which much resembles theeingular cortex described 
in the previous section except that the lamina ganglionaris is not 
so well developed and contains smaller cells, and the inner granule- 
layer shows a tendency to appear. This would appear to corre- 
spond to Brodmann’s type 24, area cingularia anterior ventralis. 
It extends down to the corpus callosum, and, in front of this 
structure, meets the area subgenualis , an area in which there is 
very imperfect differentiation of the cell laminae. On the lateral 
surface, lateral to the motor area, is a short extent of cortex 
which is of- the postcentral type, or rather a transition between 
this and the motor area. The cortex here is relatively thick, the 
inner granule-layer is better developed, and the lamina ganglionaris 
is less densely packed uith cells. Lateral, again, and occupying 
about the lateral third of this surface, is the insular area. It 
shows the same characters as in the previous section, and the 
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inner granule-layer is moderately developed. There is also a 
paucity of medium and huge cells in the lamina gauglionaris. In 
fact, the infragranular layers give the appearance of being some- 
what empty. b 

Section 72. The Betz ceil area is again evident in this section 
and rather closely confined to the dorso- medial border of the 
cerebral hemisphere. The cingulai* area is found on the mesial 
surface and shows an absence of an inner granule- layer. The 
postcentral area, which had begun to appear in the previous 
section, has now reached its characteristic development. The 
lamina zoualis is slightly thickened, the pyramidal layer is broad 
and contains many regularly arranged small and medium-sized 
pyramids, and the inner granule-layer is well developed, con- 
trasting with the areas already described. The lamina ganglio- 
naris, which is clearly differentiated from the lamina multiformis, 
contains a number of relatively large pyramidal cells which, 
however, are not grouped together as in the Betz cell area 
Lateral to this again, is the insular area. 

Section 1)6. This section lies midway between the frontal and 
occipital poles of the cerebral hemisphere. The area giganto 
pyramidalis has not appreciably aliened its position. Laterally 
it is succeeded hv a. narrow hand of postcentral cortex and then 
by the first appearance of the parietal area. The cortex of this 
area shows a deep pyramidal layer, a conspicuous inner grannie- 
layer, and a relatively thick lamina zoualis. The pyramid cells of 
the lamina gauglionaris are medium-sized or rather small. The 
cells forming the lamina multiformis tend to arrange themselves 
in vertical rows. The insular area, which still intervenes between 
the parietal area and the ectorhinal fissure, shows its usual 
features. The infragranular layers are broader and contain more 
scattered cells. The (singular area has not changed, except that 
maybe the inner granule-layer is feebly represented. 

Section 120. The Betz cell area has now disappeared. The 
cingulai* and parietal areas show no change except that the latter 
occupies a greater part of the cortical section, extending over the 
dorso-medial border on to the dorsal part of the mesial surface 
The insular area has diisappeared and is replaced by the temporal 
cortex. This cortex is singularly lacking in distinctive features, 
so that it is difficult to assign a. definite boundary between it 
and the adjacent, parietal area. Asa result of intensive study 
however, it is believed that the temporal area as mapped out in 
text-fig. 24 is tolerably correct. The lamina zonalis is of 
moderate width. The external granular layei is rather more 
distinct than elsewhere. The pyramidal layer is well developed 
but rather narrower than in the parietal area. The inner granular 
lamina is conspicuous and contains many small cells fairly closely 
packed together. The infragranular layers are relatively broad 
but not very thickly crowded with cells, and the latter are on the 
average somewhat small. The whole cortex is wide, but narrows 
as it approaches the piriform lobe. Although minute differences 
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can be detected in different parte of the temporal area, these are 
not considered to be sufficiently definite or sharply limited to 
justify any subdivision of this area. 

Section 144. In this section, the lateral surface of the hemi- 
sphere is still occupied by the parietal and temporal areas, but 
t.he latter now extends considerably more dor sally. At the dorso- 
medial border, the visual cortex or area striata is just beginning 
to appear. Below this on the medial surface is the cingular area 
in which a definite granular layer has now appeared. This region 
evidently corresponds to Type 28 of Brodmarm, the area cin (pilaris 
posterior. This section 3ies behind the level of the corpus callosum , 
and the cingular area passes into a nanow band of cortex whose 
structure indicates that it belongs to the area retrosplenialis . 
The appearance of this cortex is very characteristic. Deep to the 
plexiform layer are crowded together masses of small cells, which, 
it seems, are derived from d local expansion and hypertrophy of 
the outer granule-layer, but the inner granule-layer also seems 
to take a part in the formation of this cell-band. It appears 
that layer 111 is absent. The infra granular laminte are repre- 
sented by very few scattered cells of medium size. By a very 
narrow band of presubicular cortex, the retrosplenial area passes 
into the subicular area and thus becomes continuous with the 
cortex Ammonia. The presubicular and subicular arens show 
the usual structure which has been described in detail by many 
authors. It may be noted here that these areas are quite 
attenuated. 

Section 168. In this section the striate cortex occupies the 
greater part of the lateral and medial surfaces of the hemisphere. 
A striking feature is the lack of differentiation of this type of 
cortex, especially if comparison is made with the striate cortex 
of Tupaia. In the latter, the lamination is so remarkably 
developed that it is the simplest matter to map out the striate 
area in the brain of this animal with the greatest precision by 
the examination of Toluidin-BJue stained sections with a hand- 
lens or even with the naked eye. In Ptilocercus , on the contrary, 
the delimitation of this area requires a very close study of indi- 
vidual sections under different magnifications, and even then it 
is felb that the map represents the extent of the striate area 
approximately only. The boundary between the striate and 
cingular areas is clear enough, but there is considerable difficulty 
in defining the line of junction of the striate area with the 
parietal and temporal areas. ^ 

The striate cortex is somewhat narrow As a whole. The lamina 
zonalis is narrow and the lamina pyramidal is is also relatively 
attenuated. The inner granule-layer is moderately developed 
and not nearly so conspicuous as it is generally found to be in 
the visuosensory cortex. * This layer is directly continuous with 
the pyramidal layer without the intervention of any clear zone. 
The infra granular laminae are relatively narrow. The lamina 
ganglionaris contains groups of medium-sized pyramids which 
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stain well, but there is an almost complete absence of the large 
Meynert's cells such as are found in the IVth and Vth layers in 
Tupaia. It is possible that the lack of these characteristic cells 
may be associated with a nocturnal type of vision, for Woodard 
also notes the paucity of these cells in the nocturnal Tarsias. 
The lamina multiformis contains relatively few cells which tend 
to arrange themselves in horizontal rows. In the myelin stained 
sections, a very faint suggestion of a stria of (lennari could he 
detected in the visual area, running through the inner granule 
lamina. The striate cortex of Ptilocercus , therefore, corresponds 
to the umistriate type of Brodmann such as is found in primitive 
mammals generally, hut it is a very simple representative of this 
type. Surrounding this area is a narrow and ill-defined band of 
cortex in which the pyramidal layer is rather better and the 
inner granule- layer rather less developed. This may he designated 
the peristriate cortex, corresponding to type 18 of Brodmann. 
At the lower part of the section are to he seen small portions of 
the granular type of cingular cortex and the posterior extremity 
of the piriform lobe. 

General Survey of the Cortical Areas. 

The attenuated frontal pole of the hemisphere is occupied by 
a relatively agranular frontal area. The area gigantopyramidnlis 
for the most part stretches along the dorso-medial margin of the 
hemisphere, extending a little laterally anteriorly. The insular 
area, is relatively large. The cingular areas are well developed 
and form a relatively broad band occupying the greater part of 
the mesial surface dorsal to the corpus callosum. The anterior 
part is relatively agranular, and the posterior part is more dis- 
tinctly granular. This broad area contrasts strikingly with the 
condition in Tupaia , where the area is constricted and in one 
place buried from the surface on the dorsal aspect of the corpus 
callosum by the pressure of the extensive striate cortex. This 
state of affairs is well illustrated by the diagram of a transverse 
section through the caudal extremity of the corpus callosum in 
Tupaia minor (text-fig. 23 B). The temporal area appears to he 
relatively extensive, and perhaps this is to be correlated with the 
elaboration of the auditory apparatus. Little stress, however, 
can be laid on this because of the difficulty of determining the 
limits of this area with precision. The striate area is of limited 
extent, forming a cap over the occipital pole and, again in con- 
trast with Tupaia , separated from the splenium of the corpus 
callosum by a considerable width of cingular cortex. It may he 
again emphasized that the striate cortex shows an astonishing 
lack of differentiation. 

The Spinal Cord is about 80 mm. in length and reaches down 
to the back of the sacrum. There is a distinct cervical enlarge- 
ment which is most evident opposite the sixth cervical vertebra. 
Opposite the lower lumbar vertebra} there is a faint lumbar 
enlargement of the cord. 
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Text-figure 25. 

Zyg.Orb. 



Dissection of face showing '** * * 

1-r.O. Pnwte*» ^Tyucial artery. 
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Some details of the cranial nerves are recorded in connection 
with the account of the special sense organs. In connection with 
other cranial nerves, it may be observed that the fifth nerve is 
large. The supraorbital nerve does not pass through a supra- 
orbital foramen as in Tupaia. The infraorbital nerve, where it 
issues from the antorhital foramen, is very conspicuous and 
breaks up into a multitude of branches supplying a rich inner- 
vation to the snout region. 


Text-figure 27. 



The Lumbosacral Plexus 

a. Iliohypogastric, b. Ilioinguinal. L.C. Lateral cutaneous. Fem. Femoral. 
Pe. Branches to psoas. Sup.G. Superior gluteal. Ob. Obturator. Inf.G. 
Inferior gluteal. G,S. (lieat sciatic. Pud. Pudic nerve. D.N.P. Dorsal 
nerve of the penis. 

The JS r . Facialis emerges from the stylomastoid foramen under 
cover of the anterior fibres of sternonmstoid and the greater part 
runs forwards on to the face, appearing from under the anterior 
border of the parotid gland. On the surface of the masseter, 
a rich plexus is formed, the details of which can be seen from 
text-fig. 25. No communicating fibres forming a plexus with 
the trigeminal nerve were found. 

The 9th, 10th, 11th, and 12th nerves were found to have the 
usual distribution. 

The details of the cervical and brachial plexuses can be gathered 
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from text-fig. 26, which is largely self-explanatory. In the arm 
it may he noted that the radial and external cutaneous nerves 
are large, the medial cutaneous nerve breaks up into three or four 
branches in the distal third of the upper arm which can be traced 
down to the middle of the medial aspect of the forearm, the 
external cutaneous branch of the musculocutaneous can be 
followed down the ventral surface of the forearm to the wrist, 
the lateral side of the upper arm is innervated by a conspicuous 
branch of the circumflex nerve, the ulnar nerve, halfway down 
the forearm, gives off a well-marked dorsal branch which runs 
beneath flexor carpi ulnaris to supply the medial side of the fifth 
digit and a communicating twig to the radial in the 4th cleft, 
and the median nerve passes through the entepi condylar foramen 
with a branch of the brachial artery and in the middle of the 
forearm gives off a well-marked palmar cutaneous twig. 

The constitution of the lumbosacral plexus is indicated in text- 
fig. 27. In the leg it may be noted that the external cutaneous 
reaches the thigh by passing superficial to the inguinal ligament, 
and is a relatively large nerve. The peroneal nerve runs under 
cover of the peroneus longus muscle to reach the anterior tibia! 
region, and its musculocutaneous branch becomes superficial by 
passing between peroneus longus and extensor fibularis at the 
middle of the leg. This nerve innervates all the interdigital 
clefts with the exception of the second which is supplied by the 
anterior tibial. The internal saphenous nerve passes anterior to 
the medial malleolus with the long saphenous vein. 

The Sense Organs. 

The Visual Apparatus . 

The formation of a complete bony orbital margin has already 
been noted in the description of the skull. A dissection of the 
orbital cavity showed the usual nerves and vessels. The supra- 
orbital branch of the trigeminal was traced to the superior 
orbital margin, round which it curved on to the scalp. In Tupaitt , 
this nerve passes through a supraorbital foramen. The maxillary 
division of the trigeminal is relatively very large. It lies in a 
broad groove in the floor of the orbit and passes anteriorly 
through the antorbital foramen on to the face. The zygomatic 
branch of this nerve was traced to a foramen on the orbital 
surface of the malar bone. 

The lachrymal gland was found under cover of the dorso-lateral 
margin of the orbital rim. It consists of & somewhat diffuse 
acinous gland flattened out against the orbital surface of the 
frontal bone. The Har&erian gland is well developed and forms 
a compact, lobulated, yellowish*white body about 4*5 mm. in 
diameter fitting tightly by a concave surface against the antero- 
medial surface of the eyebalL It opens on to the conjunctival 
sac by a number of fine ducts. 
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The palpebral conjunctiva and 'the caruncula are deeply 
pigmented, and the surface of the latter is covered by fine hairs. 
The nictitating membrane, which is also deeply pigmented, forms 
a triangular, rather stiff flap covering over the anterior part of 
the cornea. Even when this “ third eyelid ” is pulled to its 
greatest limit, however, it does not cover more than a third of 
the corneal surface. 

The eyeball measures 6*5 mm. in diameter and the cornea, 
which measures 5*25 mm. in diameter, forms almost half of the 
globe. The optic nerve, which measures less than 1 mm. in 
diameter, enters the sclerotic immediately to the medial side of 
the posterior pole of the eye. So far as can be estimated, the 
optic* axis lies at an angle of about 30° with the median antero- 
posterior plane. A dissection of the interior of the eye shows a 
deeply-piguiented iris and a circular pupil. The lens is large and 
almost spherical, its diameter measured between tlie margins 
being 4*5 mm. and between the anterior and posterior poles 
4*0 mm. The fundus oculi shows a certain amount of pigmen- 
tation, especially over the periphery and on the nasal side. 
Elsewhere, the fundus exhibits a beautiful blue-and-silver 
iridescence in which the fine retinal vessels appear outlined in 
light blue. The optic papilla, which marks the site of entrance 
of the optic nerve, is a prominent raised hillock of a grayish 
colour. There is no depressed spot forming an optic cup. There 
is a complete absence of pigmentation over the papilla and over 
the immediately surrounding retinal area, especially to the 
postero- lateral side. 

Ocular Muscles . — The usual recti and oblique muscles are 
present and arranged in the usual manner. The superior obi ique 


Text-figure 28. 



Diagram of tlie left eye viewed from above, indicating 1 the points of attachment of 
the ocular muscles. The position of the insertion of the inferior oblique is 
projected through from the lower surface. 

passes through a well-defined fibrous pulley and the inferior 
oblique rises from the orbital surface of the maxilla immediately 
lateral to the lachrymal bone. The levator palpebr® is present 
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as a fine muscular slip taking origin from the margin of the optic 
foramen immediately medial to the attachment of the superior 
rectus, and runs forward superficial to the latter muscle to reach 
the upper eyelid. The retractor bulbi is distinct, and forms a 
sheath of muscle surrounding the optic nerve and gaining 
insertion into the sclerotic close to the posterior pole of the eye* 
The attachment of the ocular muscles to the sclerotic can be seen 
from text-fig* 28. The muscles are all attached very close to the 
corneoscleral junction. The insertion of the superior oblique 
shows a tendency to blend with that of the superior rectus, and 
the tendon of the inferior oblique bears the same relation to the 
lateral rectus. 

The Retina . — The preservation of the material is unfortunately 
not sufficiently good to enable a study to be made of the detailed 
histological structure of the retina. In the sections taken 
through the head of speoimen B the retina is fragmentary, but 
sufficient remains to allow of some broad observations on its 
lamination. The pigment layer of the retiua is narrow, and 
appears to differ little from that of Tupaia , The outer nuclear 
layer is relatively broad and crowded with nuclei, these latter 
being about 8-10 thick. The outer molecular layer is thin. The 
inner nuclear layer is about half the breadth of the outer 
nuclear layer, being on the average 4-6 cells in thickness. The 
inner molecular layer is broad, while the ganglion layer is only 
one cell in thickness. 

Taking the whole thickness of the retina as 100, the width of 


the lamin® can be stated as follows : — 

Layer of percipient elements 22 

Outer nuclear layer 26 

Outer molecular layer 10 

Inner nuclear layer 16 

Inner molecular and ganglion layers 37 


The retinal lamination contrasts very strongly with that of 
Tupaia, In the latter the outer nuclear kjer is only two or 
three cells thick, while the inner nuclear layer is some 8-10 cells 
in thickness. Dr. Woollard, in a forthcoming publication, deals 
with the retinal lamination of mammals in some detail, and, 
basing our statements on his observations, it may be said that 
Ptilocercns possesses what is essentially a “rod retina,” in 
association with nocturnal habits of life, while Tupaia has a 
retina adapted to a diurnal type of vision, in which cones 
predominate. Although in a given area of the retina the 
percipient elements may be more numerous in Ptilocercus than in 
Tupaia , the different type of element which predominates in the 
latter is certainly, associated with an enhanced acuity of vision. 
The features of the retina, therefore, hear out the conclusions 
already drawn from a study of the visual centres in the brain. 

The optic nerve is oval in section, measuring, on the average, 
0*53 mm. by 0*40 mm. In Tupaia it is 0*95 mm. in diameter. 
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Jacobson ’s Organ and the Nasal Cartilages • 

The anatomy of Jacobson's organ in Ptilocercns corresponds so 
closely to the structure in Tnpaia that Broom’s account of the 
organ in that animal can be applied in almost every detail here. 
Text-fig. 20 represents a tracing of a section passing through the 
nasopalatine duct, which can he seen to open directly upward 

Text-figure 20. 



Transverse section through the nasal cavity at the level of the opening of the 
nasopalatine duct. Traced with a projectoscope. 

Nat. Nasal hone. JS'.gA. Nasal gland duct. I.T. Inferior turbinal. L.d. Lach- 
rymal duct. O.b.Jc . Outer bar of Jacobson’s cartilage. J.O. Jacobson’s 
organ. J>. Jacobson’s cartilage. B.v. Blood-vessel. Pmx, Premaxilla. 

Posterior nasal door cartilage. N.PJ. Nasopalatine duct. 
P. Palatine papilla. P.c. Papillary cartilage. 

into Jacobson's organ. Jacobson’s cartilages are seen to be very 
closely applied to each other, but separated by a thin plate of the 
palatine process of the premaxilla. On the lateral side of the 
organ can be seen the outer bar of Jacobson’s cartilage. Traced 
forwards this becomes continuous with the dorsal part of Jacob- 
son’s cartilage, while posteriorly it joins up with the ventral part. 
In sections further forward Jacobson’s cartilage is found to 
Paco. Zool. Soo, — 1926, No. LXXX. 80 
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divide into two processes, a dorsal and a ventral. The former 
can be followed for a considerable distance as an attenuated bar 
of cartilage closeiy applied to but not structurally continuous 
with the lower end of the lateral aspect of the septal cartilage, 
until it fades away just posterior to the point where the anterior 
nasal floor cartilage becomes joined up with the septal cartilage. 
The ventral process becomes continuous anteriorly with the 
recurrent nasal floor cartilage. In the most anterior sections 
the anterior recurrent floor cartilage connects up with the carti- 
lage of the lateral nasal wall and forms a support for the 


Text- figure 30. 



Transverse section through the uasul septum immediately posterior to the opening 
of the nasopalatine duct, showing J acobson’s organ. Traced with a projectoscope. 
Ate#. Nasal bone. M.ffl Mucous glands, J.O. Jacobson’s organ. B.v. Blood- 
vessel. J.c. Jacobson’s cartilage. Ma.r. Maxilla. 

maxillo-turbinal . Then it Again becomes detached from the 
cartilage of the lateral wall, its lateral free border projecting up 
from the floor of the nasal cavity and having on its lateral 
aspect the lachrymal duct. Finally, it becomes continuous with 
the septal cartilage. At this level the lateral nasal wall is 
devoid of cartilage, except for the lower part formed from the 
lateral part of the alar cartilage and the dorsal part formed from 
the septal portion of the alar cartilage. Other points to be 
noted in text-fig. 29 are the relatively large size of the papilla of 
the palate* the large papillary cartilage which it contains, and 
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the small posterior nasal floor cartilage on the lateral aspect of 
the nasopalatine duct. Text-fig. 30 represents a tracing of a 
section through Jacobson's organ more posteriorly. The organ 
is seen to be of large size, closely pocketed in the scroll of 
Jacobson’s cartilage, and extends back for nearly 2 mm. 
behind the opening of the nasopalatine duct. On its medial 
aspect is a single large blood-vessel, and on its lateral aspect two 
or three smaller vessels. Immediately dorsal to the organ is a 
collection of mucous glands which increases in size when traced 
posteriorly. Eventually Jacobson’s cartilage disappears alto- 
gether, leaving a mass of mucous glands lying up against an 
attenuated process of cartilage which represents the posterior 
extremity of the septal cartilage which has been replaced dorsal ly 
by the mesethmoid. The material has not been sufficiently well 
preserved to allow a detailed study of the cellular structure of 
Jacobson's organ to bo made. It is, however, lined by ciliated 
epithelium, and the medial wall is much thicker than the lateral. 
The vomer does not extend forwards far enough to come into 
relation with the organ as is the case in Tnprua . 

Tiie Circulatory System. 

The (Ja rdio-vascular System. 

The Pericardium is a thin* walled sac ent losing the heart in the 
usual manner. It is very loosely attached to the diaphragm by 
a little diffuse connective tissue, and sterno pericardial ligaments 
are represented by extremely fine bands of areolar tissue. 

The Heart lies almost in the an tero- posterior axis of the 
thoracic cavity. The auricles are separated anteriorly by an 
interval of 2 mm. or more by the commencement of the 
pulmonary artery. The apex of the heart is round and blunt, 
and both ventricles partake in its formation. The interventri- 
cular sulci are very faint grooves, and only a small portion of the 
left ventricle can be seen from an anterior view. The heart 
measures 11 mm. from base to apex and 8 mm. in breadth. The 
right atrial chamber shows three large openings for the two 
superior vena) cavte and the inferior vena cava. The fossa ovalis 
is only faintly indicated, and the Eustachian valve is represented 
by a ridge of endocardium lying between the openings of the 
inferior cava and the left superior cava. The crista terminal is 
and the musculi pectinati are present as usual. The pulmonary 
veins open by a single opening into the left atrium. The valves 
of the heart call for no remark. 

The Aorta . — The right innominate artery is about 6 mm. in 
length, and divides as usual into common carotid and subclavian 
branches. The left common carotid and subclavian vessels arise 
from the arch of the aorta by a common trunk which, however, 
is extremely short, varying from 0*5 mm. in Specimen A to 
2*5 mm. in Specimen B. The descending aorta gives off inter- 
costal arteries to the intercostal spaces, and enters the abdominal 

80 * 
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cavity by passing between the crura of the diaphragm well to 
the left of the mid-line. 

The abdominal aorta gives off the external iliac arteries at the 
level of the 5th lumbar vertebra, and these vessels diverge from 
each other at an angle of 60°. Immediately below, the aorta 
divides to form the internal iliac vessels. There is thus no 
common iliac artery. 

The inferior phrenic, cceliac axis, renal, superior and inferior 
mesenteric, and caudal branches arise from the aorta as usual. 
The right renal ascends at a considerable angle in order to reach 


Text-figure 31. 



Heart and largo vessel*. (X 3.) 

the hilum of the right kidney. The inferior mesenteric meets 
the color* wall 10 mm. below the ileo-colic junction, and divides 
here into ascending and descending branches. It rises from the 
aorta 5 mm. above the origin of the external iliacs. The lumbar 
arteries number three pairs. Of these, two are small and run 
the usual course. The middle vessel is large, and on each side 
runs laterally behind psoas minor and in front of psoas major. 
The right artery passes in front of the inferior vena cava. 

The external iliac artery gives off small inferior epigastric and 
circumflex iliac branches. 
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The Arteries of the Head and Neck. 

The common carotid runs a straight course up to the base of 
the skull, close to which it divides into ectocarotid and entocaro- 
tid branches. Immediately before division the common carotid 
gives off a small occipital branch which runs behind the bulla 
and is crossed by the hypoglossal nerve. The entoearotid runs 
into the carotid foramen on the medial side of the bulla, and its 
further course is described in connection with the tympanic 
region of the skull. The ectocarotid runs forwards deep to the 
stylohyoid muscle, and here divides into two main branches. Of 
these, one runs lateral wards over the anterior part of the bulla 
and supplies pre- and post-auricular vessels, a subinaxillary 
artery, au<i a twig to the parotid gland. The latter supplies the 
superficial temporal artery, while from the subinaxillary branch 
is derived the facial artery. The course of the facial artery can 
he seen from text-fig. 25. The other main terminal branch of 
the ectocarotid forms a lingual artery which runs forwards and 
medialwards and disappears among the muscles of the tongue. 

The subclavian artery in the neck gives off a conspicuous 
vertebral artery which can be traced up together with the vein 
to the transverse process of the sixth cervical vertebra through 
which it passes in both specimens A and 13. There is also a 
small inferior thyroid artery and an internal mammary artery 
which run their usual course. 

The Course of the Entoearotid Artery through the Tympanic 
( ' dviiy . 

The taxonomic importance of the course of the entoearotid 
artery and its branch, the stapedial artery, in the tympanic 
cavity has been shown to be considerable. These structures have 
been studied in Ttilocercus by means of serial sections taken 
through the whole head of the animal. The entoearotid pierces 
the bulla on its posteromedial aspect and enters an osseous canal 
on the medial wall of the tympanic cavity. For the rest of their 
course in the cavity the entoearotid and stapedial arteries remain 
in bony canals. After a course of a little over a millimetre the 
stapedial branch is given off. The latter pierces the stapes, and 
then runs forwards in the roof of the cavity embedded in 
the incomplete septum which separates the epitym panic sinus 
from the small loculus. It finally enters the intracranial 
cavity at the anterior margin of the os petrosum and close 
to the lateral margin of the tympanic wing of the ali* 
sphenoid, The entoearotid pursues a forward course over the 
convexity of the promontory, and enters the cranial cavity 
by passing through a notch at the posterior border of the 
junction of the alisphenoid aud basisphenoid. So far there is 
complete agreement with the condition found in Tupaia. There 
are, however, certain important differences. In the first place, 
the entoearotid in Ptilocercus is much larger relatively to the 
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stapedial artery and also in absolute size. This can be readily 
seen by reference to the tracings in text-tig. 32. Here it is seen 
that the ontoearotid and stapedial vessels are of approximately 
the same calibre. In Tvpau t, on the contrary, the entocarotid, 
or arteria promontorii, is considerably diminished in size, its 
diameter being not more than one- third the diameter of the 
stapedial artery. Such a diminution of the arteria promontorii 
is a lemurine feature. Immediately before the stapedial artery 
enters the cranial cavity, it gives off a small branch the diameter 

Text-figure 32. 



Transverse section through the Tympanic Cavity. Traced with a projectoaeope. 
Section 13*51. 

L, 8. Terminal part of the lateral venous sinus. J. St. Stapedial artery. Sg. Squa- 
mosal. M. Head of malleus. Mem. Membrane tympani. Ec, Entocarotid. 
St$/. Stylohyal. An. T. Annulus tyrnpanicus. IS.t. Entotympanic. 

Inset are shown tracings drawn to the same scale and in a corresponding position of 
A y the stapedial artery and JB, the entocarotid of Tupaia. 


of which is about a third of the diametey of the continuation of 
the parent vessel. This branch runs ventraily in close relation 
to the posterior margin of the tympanic wing of the alisphenoid, 
and, joining the chorda tympani nerve, leaves the skull by 
passing through the interval between the antero- superior 
extremity of the anxtolus tympanicus and the squamosal to reach 
the inner part of the glenoid cavity immediately lateral to the 
foramen ovale. This branch is evidently the ramus inferior of 
the stapedial artery. I have previously demonstrated, by a study 
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of a complete series of serial sections through the head of 
Tupata (lent to me by Dr. Wool lard), that in this animal the 
ramus inferior is absent, unless it can be said to be represented 
by a minute twig which comes off from the stapedial artery 
on one side only and runs through the suture between the bulla 
and the alisphenoid. The importance of this feature lies in the 
fact that the presence of a ramus inferior is to be regarded as 
a primitive characteristic which is possessed by the lipotyphlous 
insect.ivores, while in Lemurs it is completely absent. 

It may be noted that in Tupaia the stapedial artery is much 
more freely suspended in the bony septum in the roof of the 
tympanic cavity than is the case in Ptilocercus, 

The Arteries of the Upper Extremity . 

The subclavian artery passes over the first rib in front of and 
in close association with the brachial plexus. As the axillary 
artery, it is crossed anteriorly by the medial head of the median 
nerve and the communicating branch between the two anterior 
thoracic nerves, and gives off a large posterior circumflex branch 
which accompanies the circumflex nerve (N. axillaris). Con- 
tinued on as the brachial artery, the vessel is crossed superficially 
by the median nerve which is passing to the medial side of the 
limb. The brachial artery gives off a well-marked superior pro- 
funda branch which accompanies the musculospiral nerve, a small 
inferior profunda, running with the ulnar nerve, and a medium- 
sized vessel which passes through the entepicondylar foramen 
with the median nerve. This latter branch runs with the median 
nerve into the forearm, and there forms the volar and doisal inter- 
osseous vessels. The brachial artery continues superficially 
across the antecubital fossa and down the forearm in close 
association with the tendon of flexor carpi radialis. It then 
runs more deeply between the latter tendon and the palmaris 
longus to reach the median nerve just above the wrist, passing 
with the nerve under the transverse carpal ligament. The only 
branches traced uere a minute twig given off below the elbow to 
the lateral side of the forearm and another small vessel given 
off at the junction of the middle and lower thirds of the forearm, 
which runs deep. 

In the palm the main vessel breaks up into digital vessels 
lying superficial to the median nerve and the flexor tendons. 
There is apparently no formation of palmar arches. 

The Artei'ies of the Lower Extremity. 

The femoral artery appears from under the inguinal ligament 
lying on the iliopsoas muscle. About 3 mm. below its origin the 
femoral artery gives off two conspicuous branches, one to 
the medial side to the adductors and one to the lateral side 
representing the lateral circumflex of human anatomy. Immedi- 
ately above these a small vessel axisea which runs up over the 
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inguinal ligament to supply the large superficial lymph-node 
lying above the ligament. Some 7 mm. below its origin the 
femoral trunk gives off the saphenous artery, which is about 
half the size of the continuation of the femoral artery. The 
saphenous artery becomes superficial with its accompanying vein 
and nerve at the posterior border of sartor ins at the junction of 
the middle and lower thirds of the thigh, but before doing so, it 
gives two muscular branches, one to gracilis and one to vastus 
medialis. The saphenous artery runs superficially down the 
medial aspect of the leg, but at its lower end it rims more deeply 
behind the medial malleolus, forming there the posterior tibial 
artery which supplies plantar branches to the sole of the foot in 
the usual manner. w 

The femoral trunk, immediately on passing through the gap in 
the adductor magnus, divides into two parts. One of these gives 
off (a) a muscular branch to biceps etc., and ( b ) a branch w T hich 
(i.) sends a twig to semimembranosus etc., (ii.) supplies a vessel 
rmitupg into the gastrocnemius, and (iii.) sends an artery which 
joimiSfid accompanies the lateral saphenous nerve behind the 
laterar malleolus and supplies digital branches to the outer toes. 

The other branch of the femoral artery runs on with the tibial 
nerve and at the lower end of the popliteal space divides into 
two, one of which is continued down the posterior aspect of the 
leg and one which pierces the interosseous membrane to form 
the anterior tibial vessel. The latter accompanies the anterior 
tibial nerve on to the dorsum of the foot, where it supplies 
digital arteries to the inner toes. The sciatic artery which accom- 
panies the sciatic nerve is small, and its distribution is muscular 
to the posterior region of the thigh. 

Venous System , 

The two main venous channels draining the head and neck are 
the external and internal jugular vessels. Of these, the former 
is much the larger. The external jugular vein is formed just 
deep to the lower border of the parotid gland by the union of 
(1) a submaxillary trunk which drains the submnxillary region, 
the tongue, and the face, and (2) the post-glenoid vein, which, 
after emerging from the cranial cavity through the post-glenoid 
foramen, runs through the substance of the parotid gland. At 
the clavicle the external jugular splits into two equal parts, one 
passing in front of and one behind the bone. These unite again 
under cover of the clavicle and open at once into the subclavian 
vein. The clavicle is thus encircled by a big venous ring. Into 
that part of the vein which passes superficial to the clavicle, 
drain tributaries froiq the arm (the minute cephalic vein and a 
superficial vein which courses over the deltoid) and from the 
pectoral region. The internal jugular vein is formed by a 
•continuation of the lateral sinus in the posterior cranial fossa 
which leaves the skull in company with the IXth, Xth, and 
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Xlth cranial nerves. It is joined at the base of the skull by a 
small tributary which is the continuation of the inferior petrosal 
sinus. 

Of the veins of the upper extremity, it may be noted that the 
cephalic vein is very small and can only be traced down to 
the middle of the upper arm. The main superficial vein consists 
of a vessel which accompanies the radial nerve in the forearm 
and which runs up the outer side of the upper arm, over the 
dorsolateral aspect of the deltoid, to empty into the portion of 
the external jugular vein which passes in front of the clavicle. 

In the lower extremity the main superficial vein is the 
internal saphenous, which commences in a dorsal venous arch on 
the dorsum of the pcs, runs up in front of the medial malleolus, 
and joins the saphenous artery. It passes under cover of the 
posterior border of the sartorius wilh the artery and joins a 
tributary of the femoral vein, eventually opening into the latter 
at the middle of the thigh and below the origin of the saphenous 
artery. The inferior vena cava receives the usual tributaries. 
The iliac vessels conform to the arrangement of the cor res j nding 
arteries. The spermatic veins terminate as m Man. 

in the thoiax it is to he noted that there are two superior 
venne cavaj. ami that the azygos vein is situated on the left side. 
The former are of equal size and have the usual disposition. No 
cross connection between the veins of either side could be 
detected. Before it opens into the right auricle, the right 
superior vena cava receives a superior intercostal tributary which 
drains the upper three or four intercostal spaces of the right 
side. The large and conspicuous azygos vein opens into the 
terminal part of the left superior vena cava by arching over 
the root of the left lung. Jt runs through the diaphragm from 
the abdominal cavity with the aorta, and in the lower part of the 
thoracic ca\ ity receives at least three tributaries, which cross 
over the front of the vertebral bodies and drain the lower inter- 
costal spaces of the right side. In addition, of course, the vena 
azygos drains the intercostal spaces of the left side of the chest 
caudal to the third or fourth. It may be observed here that a 
similar disposition of the azygos vein has been found in all the 
specimens of Tupaia which I have examined, including a 25-mm. 
embryo of Tupaia minor. 

The Respiratory System. 

The Larynx . — The epiglottis is of the usual leaf shape. It 
projects up belli nd the palatine velum into the nasopharynx. 
The laminae of the thyroid cartilage are simple quadrate plates 
of cartilage which show no signs of ossification. The lateral 
surface of each lamina shows a smooth rounded elevation corre- 
sponding to the oblique ridge found in the human structure and 
serving for the attachment of sternothyroid and thyrohyoid 
muscles. Each lamina is perforated by a small foramen which 
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is situated a third of the distance from the superior to the 
inferior borders and a third of the distance from the lateral 
border to the mid-line. Through this foramen passes a fine 
branch from the internal laryngeal nerve. There is a short 
blunt inferior cornu, but no superior cornu. The cricoid 
cartilage forms a ring which is markedly expanded in a vertical 
direction posteriorly. Its posterior surface is smooth. On its 
superior border are situated prominent arytenoid cartilages, the 
conspicuous feature of which is the relatively large size of the 
muscular processes. These cartilages appear to possess a free 
mobility. Viewing the larynx from inside, the false vocal cords 
are seen to be feebly-developed transverse folds of mucous mem- 
brane, and the laryngeal saccule represented by a mere dimple in 
the lateral wall of the laryngeal cavity. 

The musculature of the larynx appears to be well differentiated, 
and the following could be readily isolated from each other — 
cricothyroid eus, which can be divided into two bundles, a median 


Text-figure Ib‘3. 



Posterior view of the Larynx. (X 4.) 

and a lateral; criconrytenoideus lateralis and posticus; thyroary- 
tenoideus ; and interarytenoideus. Serial sections through the 
larynx confirmed the differentiation of these muscles, and showed 
conspicuous masses of mucous glands in the submucous tissue 
lining the cavity of the larynx. 

The Trachea measures 22 mm. in length and is composed of 
21 or 22 cartilaginous rings. These are all incomplete, so that 
there is a well-marked gap extending down the posterior aspect 
of the trachea and also on to the primar y and secondary bronchi. 
The trachea divides as usual into two bronchi. Of these, the 
left runs downwards and laterally for a distance of some 5 mm. 
and then divides into two secondary bronchi, one for each 
pulmonary lobe. 4he right bronchus quickly gives off an 
eparterial bronchus to the superior lobe, and later divides as on 
the left side. The relation between the pulmonary arteries and 
the bronchi is the same ns that which pertains in Man. 

The Lunge are divided into four lobes on the right side and 




AX ATOMY OF THE PEN-TAILED TREE-SIIllEtt. 


1239 


two lobes on the left. Of the former the inferior lobe is the 
largest, the middle and superior are much smaller and of equal 
size, while the azygos lobe is slightly smaller again. The latter 
bears an intimate relation to the posterior aspect of the peri- 
cardium, On the left side the superior lobe is rather less than 
half the size of the inferior lobe. 

The fissures separating the lobes are complete. In relation 


Text-figure 34. 



with the posterior aspect of the hila of the lungs are a few 
conspicuous lymph -glands. The pleura is disposed in the usual 
way. 

The Digestive System. 

The Mouth . — The palate shows a series of nine transverse 
ridges, all of which reach across from one side to the other. The 
ridges correspond one to each tooth from the second incisor 
backwards. Behind the first incisor and on either side of the 
incisive cushion which marks the position of the nasopalatine 
duct, is a small pit which receives the apex of the second lower 
incisor. 

The Tongue is long and slender, measuring 21 mm. from the 
central circum vallate papilla to the tip and averaging some 
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5 mm. in breadth. It tapers very slightly to a rounded tip. 
The dorsum is richly covered by conical papilJse, on the summit* 
of which are fine, recurved, hair-like processes. These processes 
are, however, too small to be detected with the naked eye. 
Scattered sparingly over the dorsum of the tongue, with a 
preference for the neighbourhood of the margin, are a few 
fungiform papillae. These are small and not readily detected 
except on close examination. Round the margins of the tip of 
the tongue are many conspicuous rounded fungiform papillae, 
which here form a crenated edge to the tongue. These papillae 
are also very evident when the tongue is viewed from below. 
Posteriorly there are three circum vallate papillae arranged in a 
triangle, with the apex pointing backwards. There is no lateral 
organ. On the under surface there is a definite sublingua. 


Text -figure 35. 



A. Dorsal aspect of Tongue. B. Ventral aspect. (X2.) 

This structure is about 2 mm. broad, and extends forward to 
within 2 mm. of the tip of the tongue. The tip of the sublingua 
is bound down to the under surface of the tongue, but the 
margins are free and membranous and anteriorly are irregularly 
serrated. The lytta of the sublingua, which in Tupaia forms a 
conspicuous median ridge, is only very faintly indicated in 
Ptitocercus. In the floor of the mouth are to be found relatively 
large and fleshy plicae sublinguales or f renal folds which possess 
free margins and together form a free hi#d tip reaching forward 
towards the front incisors. The margins of these folds are 
not serrated. \ 

A study of serial sections through the tongue shows the 
following features. The lytta is well developed and extends 
from the level at which the tongue is attached to the floor of the 
mouth by the frenum as far as the tip. Its relative site may be 
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seen from text-fig. 36, and in the greater part of its extent it 
is composed of longitudinal muscle fasciculi and a central core of 
fat cells. It is surrounded by a thin sheath of connective tissue 
and circularly disposed muscle -fibres. Near the tip of the tongue, 
the muscle-fibres in the lytta disappear and only fatty tissue 
remains. The intrinsic musculature of the tongue appears to be 
well differentiated, and can be divided into clearly defined groups 
of superior and inferior longitudinal bundles along the dorsal 
and ventral aspects of the tongue, transverse fibres running 
across the centre, and vertical and oblique fibres in the lateral 
regions. A fine median raphe can be traced throughout the 
whole length of the tongue, to which the transversus linguae 
fibres are attached. No mucous glands at the tip of the tongue 
constituting an apical gland of Nuhn are present. The sublingua 


Text-figure 36. 



Transverse section through the Tongue. Traced with a projecfcoscope. 


is seen to be much more simple than it is in Tupaia. The 
fasciculi of the inferior longitudinal muscle extend into the base 
of the sublingua, but it has otherwise no supporting structure. 
The latex'al margins are free. Except for a slight median 
elevation of the surface epithelium to be seen in some sections, 
there is no sign of a u keel n or lytta of the sublingua. 

Tho free extremities of the f renal folds are shown in text-fig. 36. 
They here contain the ducts of the submaxillary glands which 
run forwards to open on to the pointed ends of the folds. 

The Salivary Glands . — The parotid gland is large, extending 
over the posterior part of the masseter muscle and wrapping 
round the cartilaginous auditory meatus. It is pierced by the 
great auricular nerve, branches of the facial nerve, and the vein 
issuing from the post-glenoid foramen. The gland narrows down 
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at the lower border of the masse ter to form the duct which rune 
aloug the lower border of the mandible and up along the anterior 
border of the masseter to pierce the buccinator and reach the 
buccal cavity. An isolated lobule of the parotid lies immediately 
below the commencement of the parotid duct in the submaxillary 
region. The duct from this lobule joins the main duct. 

The submaxillary gland is also conspicuous and is situated 
behind the inferior lobule of the parotid. It is prolonged 
forwards above the mylohyoid muscle and its duct runs the usual 
course to open on the free extremity of the f renal folds. 

The sublingual gland is not present as a distinct entity, but 
appears to be represented by the anterior lobules of the sub- 
maxillary gland. 

The Pharynx . — The mucous membrane lining the pharynx is 
quite smooth. The tonsils are small yellowish oval bodies about 
2 mm. in length, lying horizontally in the usual position. They 
are surmounted by small supratonsillar fossa?. The soft palate 
is some 10 mm. long, and ends posteriorly in a thickened concave 
border. There is no uvula. In the naso- pharynx is seen the 
opening of the eustachian tube above the posterior part of the 
soft palate and immediately behind the tip of the hamular 
process of the medial pterygoid plate. The opening is slit-like 
and is covered above by a fleshy valve- like fold of mucous 
membrane. 

The constrictors of the pharynx are three in number and have 
the usual attachments. The inferior constrictor is especially 
conspicuous and takes a wide origin from the thyroid cartilage. 

The (Esophagus ruus a straight course to its opening in the 
diaphragm and exhibits no features of note. It is 42 mm. in 
length. 

The Peritoneum . — The stomach has the usual peritoneal 
relations. The gastro-hepatic omentum stretches from the lesser 
curvature to the portal fissure of the liver. The great omentum 
is relatively short, attached above to the great curvature of the 
stomach, reaching to the commencement of the duodenum on 
the right, and on to the pancreas at its left extremity. Its free 
border forms a rolled edge which extends across the epigastric 
region. The duodenum is completely surrounded by peritoneum. 
The spleen lies in the dorsal mesogastrium and is attached to 
the posterior median line by the lieno-renal ligament. The 
pancreas is likewise completely invested with peritoneum except 
where the omental lobe stretches up behind the stomach to come 
into relation with the lesser omentum. The dorsal mesentery 
of the small intestine shows a twist about the superior mesenteric 
artery in association with the rotation of the small gut. There 
is a continuous mesocolon which is attached to the posterior 
median line. The right surface of the mesocolon at its com- 
mencement is attached by a peritoneal fold to the mesoduodenum 
and directly to the posterior surface of the terminal part of the 
duodenum. The cmcum is invested by peritoneum except where 
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the mesentery runs to its right border from the terminal part 
of the antimesenteric border of the ileum and the adjacent 
part of the mesentery of the small intestine. 

Tlie Liver is attached to the diaphragm and the anterior 
abdominal wall by peritoneal folds which are continuous with 
the falciform ligament and which leave no bare area on the 
liver. 

The Stomach is simple in form. It shows a well-marked 
fundus separated from the termination of the (esophagus by a 
deep notch. The incisura angularis is represented by the shallow 
depression at the junction of the (esophagus and the lesser 
curvature, while there is a faint indication of a sulcus inter- 
medins on the great curvature indistinctly separating off the 


Text-figure 37. 



The Stomach, Panema, aud Spleen. (X 3.) 


pyloric canal from the rest of the viscus. An annular constriction 
marking the position of the pyloric sphincter is evident. 

The longitudinal muscle-fibres are conspicuous on the surface. 
The stomach wall appears to be relatively thick with a well-marked 
muscular layer and a mucous membrane thrown into rugose 
folds. These folds tend to straighten out into parallel ridges as 
they approach the pylorus, but no evident differentiation of areas 
can be distinguished by macroscopic examination of the interior 
•of the stomach. The appearance of the mucous membrane 
changes abruptly into the smooth velvety mucous membrane of 
the duodenum at the pyloric sphincter. 

The Small Intestine measures about 145 mm. in length and 
averages 3-4 mm. in diameter. The duodenal portion passes 
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downwards behind the terminal part of the small intestine and 
becomes continuous with the jejeunum without any evident 
change. The coils of small intestine are arranged in no definite 
order. The terminal part forms a loop which descends into the 
right iliac region and then ascends on the right side, turning to 
the left at the subcostal margin to pass in front of the duodenum 
to meet the colon in the mid-line. There is thus a rotation of 
the small gut as is made evident in text-fig. 38 B. 

The Colon is extremely primitive. It forms a straight tube 
which runs directly downwards from the ileo-colic junction to 


Text-figure 38. 



Tbe Abdominal Cavity, 

A. Small intestines in position. B. After lemoval of tbe jjreater 
part of the small intestine. (Nat. size.) 

the anal canal, keeping to the mid-line. The diameter of the 
colon .is about 7 mm., and tbe distance from the ileo-colic 
junction to the anal orfice is 29 mm. The ileo-colic opening is 
not marked by any valve, but is surrounded by a circular ridge 
of mucous membrane. There is a well-developed ceeeum 
measuring 8 mm. in length and projecting upwards so that its 
tip just comes into relation with the stomach. The caecum is 
conical in shape with a faint constriction at its base. In front 
of tbe ileo-colic junction are two small round lymphatic glands, 
and behind is a third gland of the same size. The colon forms 
a straight tube with no formation of sacculations. 
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The mucous membrane lining of the colon and rectum is 
generally smooth, but it becomes thrown into vertical folds 
some 8 mm. distance from the anal orifice. There are no 
transverse folds. The longitudinal muscle coat is evenly 
disposed around the circumference of the gut. A sharply defined 
ribbon-like band of this muscle becomes detached from the 
dorsal wall of the rectum at a point 7 mm. from the anal orifice, 
and runs distally to be attached by a strong tendon to the ventral 
aspect of the 4th caudal vertebra. This muscle, which may be 
termed the caudo-rectalis muscle, was found by microscopical 


Text-figure 39. 



Longitudinal section through the Cecum and Ileo-cmcal junction. 

Traced with a projectoscope. ( X 8.) 

1. Serous and longitudinal muscle coat. 2. Circular muscle coat. 

3. Mucous membrane. 

examination to be composed mainly of unstriped fibres, though 
there were at least some striped fibres close to the caudal 
attachment. 

On either side of the anal canal, above the sphincter ani 
extemus, lies a small lobulated gland. Microscopical examination 
shows that the lobules are composed of numerous simple acini 
lined by columnar epithelium and filled with a homogeneous, 
colloid material. The sections also indicate that the glands 
open by small ducts on to the surface of the perineal region 
immediately lateral to the anal orifice. It may be concluded, 
therefore, that these are of the nature of scent glands. 

Proc. Zool. Soc. — 1926* No. LXXXI. 81 
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The Liver .— This organ weighs just under b2 grams and 
measures 17 mm. in breadth by 18 mm. in an tero-posterior 
diameter . It consists of three main lobes, the right lateral, 
central, and left lateral. Of these the central is the largest 
and the right lateral the smallest. The central lobe forms most 
of the diaphragmatic surface of the liver. The central lobe 
is subdivided into right and left central lobules by an umbilical 
fissure and the falciform ligament. The fissure is incomplete, 
being confined to the abdominal and inferior surfaces and fading 
away when the dorsal or diaphragmatic surface is reached. 

Text-figure 40. 


up 



A B 


A. Liver, from caudal aspect. B. Spleen, viewed from right side. (X 8.) 

O.B. Gall-bladder. JJJF. Umbilical fissure. M.C. Right central lobe. 

V.L. Venous lobe. LX. Left lobe. CX , Caudate lobe. MX. Right lobe. 

Where present, the fissure is deep. The fossa for the gall- 
bladder is situated in the centre of the right central lobule, and 
here forms a deeply excavated notch. The under surface of the 
left lobe is hollowed out for the reception of the stomach, and a 
well-marked cardiac notch indicates the position of the (eso- 
phagus. The ends of the fissure between the left lateral and 
the central lobes terminate immediately to the left of the upper 
end of the fossa for the vena cava. This fissure runs obliquely 
so that the left ''lateral lobe forms about half of the inferior 
aspect of the liver and less than a third of the dorsal aspect. 
The right lateral lobe is excavated on its lower surface where it 
comes into contact partly with small intestine. It ha* projecting 
down from it* medial part a well-marked caudate lobe which, 
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however, is only about a quarter the bulk of the right lateral 
lobe itself. It is hollowed out by contact with the cranial half 
of the right kidney. Projecting down from the base of the 
caudate lobe are two processes which correspond to the spigelian 
lobe of human anatomy. One of these is the papillary process, 
which is small and lies in relation with the lesser curvature of 
the stomach. The other is a long attenuated process — the venous 
lobe — which projects down along and partially surrounds the 
inferior vena cava for a distance of 9 mm., coming into close 
relation below with the supra renal glands. 

The Gall-Bladder is relatively large. The lower half of its 
anterior surface comes into direct contact with the anterior 
abdominal wall. It is completely surrounded by peritoneum 
except at its neck. 

The bile-ducts have the usual arrangement, the common duct 
passing down in the lesser omentum with the portal vein, and 
joining with the pancreatic duct well before it reaches the 
duodenal wall. 

The Pancreas is a large gland. The pars duodenalis lies tucked 
in the angle between the pyloric part of the stomach and the 
duodenum, and is pierced by the superior mesenteric vessels. 
A process extends up behind the stomach to come into relation 
with the lesser omentum and constituting an omental lobe. 
The pars lienalis is extensive, lying between tlie lower half of 
the spleen and the great curvature of the stomach, and projects 
down in front of the left kidney where it lies up against coils of 
small intestine. The pancreatic duct joins the common bile- 
duct before the wall of the duodenum is reached, and they open 
by a common opening about 4 mm. from the pylorus. There 
is no duodenal papilla. 

The Urogenital System. 

The. Urinary Organs . 

The Kidneys are simple in appearance, the right being situated 
at a considerably higher level than the left. Each measures 
about 12 mm. in length and 7 mm. in breadth. The upper poles 
are broad, but the lower poles tend to taper somewhat into blunt 
points. The kidneys are almost completely surrounded by 
peritoneum, being attached by a mesentery which runs from the 
hilum to the lateral aspect of the vertebral column. Section of 
the kidney shows that there is one large calyx which fits 
accurately in the pelvis and ends in a tapering point which 
projects into the beginning of the ureter. On the anterior wall 
of the pelvis of the ureter are to be found two or three small 
flattened plaques of medullary tissue which perhaps represent 
rudimentary calyces. On the posterior aspect of the hilum of 
each kidney is a moderate-sized lymphatic node. 

The Ureters run a straight course down to the bladder, opening 
into the base of that organ by small slit-like apertures which lie 

81 * 
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flush with the surface of the mucous membrane* The ureteric 
openings are close together and also close to the urethral 
opening. 

The Bladder presents no features of special interest. When 
contracted, it has the usual pyriform shape. There is no obvious 
inter ureteric muscular ridge and the trigone is not to be readily 


Text-figure 41. 



Potter i or Abdominal Wall. (X 2.) 

V.C . Caval opening. Oes. (Esophageal opening. L.&. Lymph gland. 
PtMa. Psoas major. Ft. A ft. Psoas minor. 

distinguished froux the rest of the interior of the viscus except 
that the mucous Membrane covering it is thrown into fine folds 
which converge below on the urethral aperture. 

The Testicle . — The average weight of the body of the testis 
with the epididymis was found to be 0*08 gram. The body of 
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the testis is oval and slightly flattened laterally. It measures 
7 mm. in its long diameter and 4 mm. dorso-ventrally. The 
caput epididymis is conspicuous and is surmounted by a tri- 
angular mass of subserous fat. The cauda epididymis is large 
and prominent, and the coils of the tube of which it is formed 
are very distinct. The lower end of the vas opposite the caudal 
third of the testis is much convoluted. Surrounding the testis 
is the saccus vaginalis, which is in free communication with the 
peritoneal cavity above. The vas and the other constituents of 
the spermatic cord are attached to the posterior wall of the sac 
by two mesenteries. The mesentery of the cord becomes con- 
tinuous with the mesentery of the testis and epididymis, the 
latter mesentery being continued down to the lower pole of the 
testis. From the cord, the tunica vaginalis runs straight on to 


Text-figure 42. 



the caput epididymis on both sides. It is further reflected 
from the caput and body of the epididymis directly on to 
the testis on the medial side, but on tbe lateral aspect there 
is formed a well-marked digital fossa. From tbe lower end 
of the vas, tbe tunica, vaginalis is reflected ofF to form two 
crescentic folds, one running to the medial aspect of the lower 
pole of tbe testis, and one to the medial wall of the saccus 
vaginalis where it joins the parietal layer. The cauda epidi- 
dymis is almost completely surrounded by the tunica vaginalis. 
In the four specimens examined the position of the testicle 
varied, and it appears certain that the testicle is not retained 
permanently in the scrotal sac as it is in Tupaia , for the 
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four specimens of Ptiloc&rcus referred to were all apparently 
quite mature. In specimen A, the right testis was found 
in the scrotal cavity, and the left just within the internal 
abdominal ring. In specimen B, the same condition was 
present. In specimen C, both testes were in the abdominal 
cavity, each with the cauda epididymis protruding through 
the external abdominal ring to form a conical swelling. In 
specimen D, the right testicle was in the scrotum. The left 
scrotal sac contained only the cauda epididymis, the body of the 
testis being in the abdominal cavity. When the testis is in 
the scrotum, the cephalic pole lies at the level of the symphysis 
pubis and the caudal pole extends to the level of the tip of the 


Text-figure 43. 

Anal Gland 



Perineal Region from the side. The testicle has been removed 
from the scrotal sac on the left side. ( X 4.) 

SpLAnis Sphincter ani. IscLCav . Ischio-caverriosus. jUv.Paw. Levator penis. 


pendent penis. Relatively to the penis, therefore, as can be 
readily seen from lext-fig 43, the scrotal sac is neither prepenial 
nor poetpenial, but parapenial. As has been pointed out by 
Kaudern (19) in connection with Tupaia, however, the position 
is due rather to the direction of the body of the penis and not 
to any peculiarity in the position of the scrotal sac itself. 

The scrotum has been described in connection with the external 
characters. It may be noted again that the sac is sufficiently 
large relative to the^size of the penis to conceal the latter entirely 
from view except for the slit-like aperture leading into the 
preputial sac. 

The testes are surrounded by cremaster sacs which are com- 
pletely independent of each other, the strong cremaster muscle 
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being clearly derived from the internal oblique and the trans- 
versalis muscles. This observation appears to be confirmed by 
the sections taken through the cauda epididymis and the 
contiguous part of the abdominal wall from specimen B. These 
sections show that fine bundles of fibrous and unstriated 
muscular tissue run from the surface of the most prominent 
part of the cauda epididymis in among the muscle-fibres of that 
part of the cremaster muscle layer immediately covering it. 
In this region, also, the endothelial cells lining the saccus 
vaginalis are undergoing active proliferation and appear to be 
invading the cremasteric layer by the formation of numerous 
septa suggesting a process of excavation preparatory to the 
migration of the testicle into the scrotal sac. The tube of the 
epididymis in these sections is considerably distended with 
spermatozoa. The seminiferous tubules of the testis show the 


Text- figure 44. 



Spermatozoa, drawn from a film preparation. 
A. Face view. B. Profile view. 


usual histological features, and the interstitial tissue was found 
to be scanty. 

The form of the spermatozoa, as determined by staining film 
preparations, may be seen by reference to text-fig. 44. It will 
be seen that the head is flattened and ovate. The body is ill- 
defined. The tail is relatively long. 

The Va,8 Deferens , on leaving the epididymis, runs a direct 
course over the lateral pelvic wall, to which it is attached by a 
short mesentery, until it reaches the base of the bladder. The 
termination of the vas bears a very intimate relation to the 
vesiculso Beminales, and could only be determined by a minute 
study of a complete series of serial sections cut throughout from 
the bladder to the membranous urethra. From a superficial 
dissection (see text-fig. 45), the vas runs down on the medial 
aspect of the vesicle and appears to join with the latter close to 
the urethra. The openings into the lumen of the urethra could 
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vesMee’exteynally seem to b^ettivel^ nmphhbukted 
bodies, divisible into two main lobules and not projecting very 
far above the level of the neck of the bladder. The serial 
sections cut through the urogenital tract of specimen B, however, 
showed the internal structure to be rather complicated. The 
seminal vesicle mass, which superficially appears fairly homo- 
geneous, is in reality divided into two separate parts, one 
of* which terminates below by opening separately into the 
ulfetlfra, and the other joining the vas immediately before 
t^latter opens the urethra. For purposes of distinction, 


Text-figure 45. 


Scm. 


A dissection of the male Urethra viewed from the do rani aspect 
Vesic, Sent* Vesiculas eeminales, comprising the vesicular diverticulum of the vaa, 
Vesie. IHv. y and the vesicular gland, Vetic. GU (X 8.) 

the former part may be called the vesicular gland and the 
latter the vesicular diverticulum of the vas. Both these 
structures are divided up internally into a complicated series 
of loculi, but more especially the former, The vesicular gland, 
moreover, is lined by proliferating masses of cubical or columnar 
epithelium which in many cases almost fill up the lumen of the 
alveoli, while the vesicular diverticulum is lined by similar 
epithelium more evenly arranged, leaving the alveolar cavities 
more open and more sacciform. The vesicular diverticulum 
extends up to form the upper part of the seminal vesicle (as seen 
on superficial dissection), and traced downwards it becomes 
narrowed down to form a relatively simple tube which lies 
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Alongside and, indeed, bears a very close resemblance to, the vas 
itself. In this part of the diverticulum, just before it opens into 
the vas and also in some of the loculi in the upper part, are to 
be found a few spermatozoa intermingled with epithelia debris. 
The vesicular gland, which nowhere contains spermatozoa, 
apparently forms the lower lobule as seen on superficial dis- 
section, and opens into the urethra on the margin of the orifice 
of the uterus maseulinus immediately above and lateral to 
the opening of the vas. 'Hie vas deferens itself has a thick 
muscular wall until it reaches the level of the neck of the 
bladder. Here it becomes dilated somewhat;, its wall is thin* ^d, 
and its simple lumen is broken up into a leries of small uli 
lined by epithelium very similar to that found in the vesic ’ar 
diverticulum. Further down, the vas narrows considerably, he 
loculi disappear, and the duct is joined by the duct of the 
vesicular diverticulum to form a very short ejaculatory duct, 


Text-figure 4(5. 


Vesic. 


Ut.masc 


The prostatic portion of the Urethra laid opeu to show the openings of the 
ejaculatory duct, the vesicular gland, and the uterus maseulinus. (X 5.) 

which finally opens on the margin of the orifice of the uterus 
maseulinus immediately below and to the medial side of the 
opening of the vesicular gland. These two openings are 
extremely close together and very minute. The whole length of 
the vas was found to be filled with masses of spermatozoa. 

The Prostate is a compact, ring like gland encircling the 
urethra where it opens into the cavity of the bladder at the 
internal urinary meatus. In shape and relative size it bears a 
very close resemblance to the human prostate. This resemblance 
also applies to the appearance of a transverse section taken 
through the gland (see text-fig. 47) except that in Ptilocercm 
tiie acini are disposed all round the urethra, including the 
ventral aspect. The ducts are very numerous, opening into all 
sides of that part of the urethral canal which is enclosed by the 
•distal half of the prostate. The stroma of the gland consists of 
fibrous tissue intermingled witli which are strands of unstriated 
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muscle. A small isolated lobule of the prostate lies posteriorly, 
extruded from the main compact glandular mass and outside the 
prostatic capsule, in close association with the uterus masculinus 
and the seminal vesicles. The duct from this lobule opens into 
the floor of the prostatic urethra in company with the termination 
of the other prostatic ducts. This lobule is illustrated in 
text-fig. 47. The floor of the prostatic portion of the urethra 
shows a low colliculus seminal is the centre of which is pierced 
about 2*5 mm. from the internal urinary meatus by the opening 
of the uterus masculinus. A section through this part of 
the urethra shows the mucous membrane lining to be richly 
plicated. 

The Uterus Masculinus is a simple piriform sac 5 mm. in 
length. It extends up the posterior aspect of the prostate 
and the neck of the bladder to about the same height as 


Text-figure 47. 



Veslc. Divert 


Transverse section through the prostatic Urethra. 

Traced with a projectoscope. (X 16.) 

the seminal vesicles. Below, it narrows down to open into the 
urethra. The mucous membrane lining of this structure is 
covered with columnar epithelium and thrown into complicated 
folds. It should be noted that neither the vas, the duct of the 
vesicular gland, nor the uterus masculinus, passes through the 
substance of the prostate. 

The Membranous Urethra , by which is here understood the 
urethral tract extending between the opening of the uterus 
masculinus and the commencement of the penile urethra, is 
about 5 mm. in length. The sections show that it is thin-walled 
and surrounded by a sphincter of striated muscle which is 
especially thick immediately distal to the prostate gland. As 
it is traced along from the prostate, the urethral wall loses its 
convolutions and rapidly takes on the appearance in section of a 
transverse slit. Alongside the distal end of the membranous 
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urethra lie the conspicuous bn 1 bo-urethral glands. These are 
flattened, oval bodies measuring about 3*5 mm. in long diameter. 
Histologically, they are seen to be glands of the tubulo-acinous 
type, the acini being lined by columnar epithelium which is 
much folded and evidently in an active condition. Many of the 
acini are filled and even distended with a colloid material 
containing eosinophil granules. The lateral and superficial 
aspect of the gland is invested with a covering of striated muscle 
derived from the ischio-cavernosus, many fasciculi of which 
penetrate into the substance of the gland between the more 
superficial acini. The ducts of Cowper’s glands run alongside 
the urethra to open a little way distal to the glands into the 
commencement of the penile urethra. 

The Penis is short and stout, the penile portion of the urethra 
being not more than 5 ram. in length. The corpora cavernosa 
are strong and appear to be fairly firmly attached to the ischio- 
pubic arch. On surface view, the corpus spongiosum is not well 


Text-figure 48. 



The Penis exposed by removal of the scrotal tissues. (X 5.) 

Lev. Pen. Levator penis muscle. Iseh.Cav. I »»chio- cavernosas muscle. 


developed and certainly does not expand to form a definite bulb. 
At about the middle of the abdominal surface of the body of the 
penis is inserted the strong tendon of the levator penis muscle, 
while surrounding the bases of the corpora cavernosa are the 
prominent ischio-cavernosus muscles. The glans penis is very 
distinctly limited proximally by a coronal sulcus along which the 
mucous membrane is reflected on to the deep surface of the 
prepuce. This sulcus is obliquely disposed, sloping distally 
on to the ventral aspect where the frenum is attached. The 
glans penis is almond-shaped and compressed laterally. It is 
covered by smooth mucous membrane which in the preserved 
specimen is thrown into fine transverse wrinkles. There are 
no spines or other elevations on the surface. The glans is about 
2*5 mm. in antero-posterior extent and forms distally a blunt 
apex. The raeatal opening is a split-like aperture which extends 
from the tip of the glans back to the coronal sulcus on the 
perineal aspect. The lips of the opening are in close apposition. 
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The prepuce is 4 mm. in depth on its deep surface, hut it is hard]/ 
distinguishable from the outside since , as already described, it is 
taken up into the general contour of the scrotal sac. Except, 
therefore , for the opening into the preputial sac, the penis is not 
evident on external examination. 

Serial sections through the penis show the corpora cavernosa 
to be stout columns of cavernous tissue, enclosed in a sheath of 
dense fibrous tissue. The two bodies are separated by a fibrous 
tissue septum, the septum pectinatum, and there is no trace of 
an 0 $ penis. The corpora cavernosa are continued to the 
extremity of the glans penis, the two bodies being here fused 
together without an intervening septum. The cavernous tissue 
of the corpus spongiosum is feebly developed. It is more 
abundant on the floor of the urethral canal, and here forms 
a longitudinal elevation in the lumen of the urethra which gives 
to the latter, in transverse section, the shape of a transverse 
crescent the concavity of which is below. This cavernous tissue 
increases in amount where it surrounds the urethra in the glans. 
The terminal part of the urethra forms a vertical slit in section 
until it opens at the external urinary meatus. Except for the 
bulho-urethral glands, no glands of any kind open into the 
penile urethra. Posteriorly, however, a small pouch-like diver- 
ticulum protrudes from the floor of the urethral canal between 
the lower poles of the bul bo- urethral glands. The ischio- 
cavernosus muscles, in these sections, are seen to be relatively 
large masses, but the bulbo-cavernosus is very poorly developed. 

Ductless Glands. 

The Thymus forms a relatively large lobulated mass lying in 
the mediastinum and measuring 8 mm. in antero-posterior 
diameter and 4 mm. laterally. It extends down over the base 
of the heart, coming in contact with the auricles, and up in 
front of the trachea into the base of the neck. The two lobes are 
fused together, but each is prolonged cranially to form an 
attenuated process representing the stalk of the original diver- 
ticulum. Histologically, the usual structure of the thymus is to 
be aeen with cortical and medullary zones and scattered HassalFs 
corpuscles. 

The Thyroid consists of two lateral lobes unconnected across 
the mid-line by any isthmus. Each lateral lobe consists of 
a pale yellow elongated body about 4 mm. in length, and lying 
alongside the upper three or four tracheal lings. The structure 
of the gland as shown by histological sections calls for little 
remark. The vesicles are numerous, and those near the peri- 
phery of the gland are in many cases distended with colloid. In 
the central part of 1 the gland, the vesicles are smaller, more 
closely crowded together, and there is here a considerable amount 
of intervesicular tissue. 

The Parathyroids are relatively large deeply staining bodies 
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partially embedded in the posterior surface of the thyroid but 
not completely surrounded by thyroid tissue. 

The tipleen is an elongated reddish body lying in close contact 
with the fundus of the stomach. It measures 16 mm. in length 
and has an average breadth of 15 mm. The cranial extremity 
is bluntly pointed while the caudal extremity is somewhat 
rounded. The anterior and posterior borders are slightly 
irregular. 

The Suprarenals are small oval bodies of a bright yellow-ochre 
colour. They measure about 3 mm. in long diameter and are 
situated in contact with the kidneys immediately above the hila. 
Histologically, the gland shows the usual structure of cortex and 
medulla. The former is even and uncon voluted. 

The Pituitary Gland was unfortunately not well enough 
preserved in the sections to allow a study of it to be made. 

Myology. 

The Facial Musndature. 

In the study of these fine muscles, it was found necessary to 
supplement the ordinary dissecting microscope by resecting 
portions of the muscle-layers and examining them spread out as 
films under a two-thirds objective. Only was it possible, for 
instance, by this method to detect the muscular nature of the 


Text-figure 49. 



very attenuated occipitalis sheet, to demonstrate the existence of 
a superior auricular muscle, and to define the limits of such a 
muscle as the orbicularis oculi. 

The Platyama forms a thin muscular sheet which can be traced 
posteriorly to a median raphe which extends from the occipital 
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crest where it merges with the occipitalis sheet to the upper 
thoracic region, over the deltoids into the upper arm, and over 
the proximal half of the pectoral region. From this extensive 
area, the fibres of the sheet converge by way of the lateral and 
ventral aspects of the neck towards the ocular and buccal regions. 
Those fibres which rise from the neighbourhood of the occipital 
crest curl round and gain a loose attachment to the cartilaginous 
concha of the ear where the latter joins the auditory meatus, 
forming thus a cervico-auricnlaris muscle. A fairly strong band 
of the platysma passes up towards the eye superficial to the 
auriculo-labialis superior, finally to blend with the orbicularis 
oculi muscle. The greater part of the muscle sheet, however, 
proceeds towards the angle of the mouth and passes into the 
upper and lower lips, freely intermingling with the fibres of the 
orbicularis oris and buccinator muscles. It is joined posteriorly 
by the auriculo-labialis inferior. The medio- ventral border of 
the platysma is very ill-defined, thereby contrasting with the 
condition found in Tupaia and reported in Lemurs. 

The Sphincter Colli Profundus is present but feebly developed, 
consisting of a few fibres which run transversely across the 
ventral aspect of the neck deep to the platysma. Some of 
the fibres can be traced up to the cartilaginous meatus of 
the ear. 

The Occipitalis muscle forms an exceedingly fine membranous 
sheet which extends from the occipital crest and the proximal 
extremity of the dorsal nuchal raphe over the roof of the skull 
towards the nose. The fibres blend posteriorly with those of 
the platysma and the auricular muscles and anteriorly with the 
orbicularis oculi and the muscles in the region of the upper lip. 
The fibres run mainly in an an tero -posterior direction, but 
in front of the eye they diverge laterally to pass down towards 
the mouth. Here they form the frontalis component of the 
muscular sheet, the most anterior fibres of which run almost 
transversely across the dorsum of the snout from one side of the 
nose to the other* No bony attachment could be demonstrated 
in this region. 

The Orbicularis Oculi . — This muscle consists of fibres which 
are disposed in the usual way, forming a very thin sheet, and 
blending freely at its margin with the frontalis, platysma, and 
auriculo-labialis superior. Attached to the anterior and pos- 
terior angles of the eye and lying altogether deep to the 
orbicularis oculi fibres are two very well-defined and strong 
muscles. The homologies of these muscles are not quite clear. 
The anterior muscle is firmly attached to the surface of the 
lachrymal bone, and possibly represents a prceorbicularis or a 
depressor tarsi muscle. The posterior muscle gains an equally 
firm attachment to the anterior end of the upper border of the 
zygomatic arch. In my paper on the myology of Tupaia I 
called this muscle the zygomatico-orbwularis. It may represent a 
retractor tarsi , but this latter muscle is typically more superficial, 
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being merely a part of the orbicularis sheet. Both these muscles 
are innervated by the Facial nerve. 

The Orbicular is Oris muscle consists of a very thin strip lying 
in the free borders of the lips, freely intermingling with the 
muscles round about, especially the platysma and the buccinator. 
In the upper lip is an undifferentiated mass of muscle lying deep 
to the nasal extension of the frontalis sheet and embedded 
in which are the follicles of the maxillary vibrissae. The fibres 
of this muscle mass run antero-posteriorly and gain no demon- 
strable bony attachment. They appear to represent the mm. 
Zygovnatici , Retractor Naris, and Erectores Vibrissas which form 
fairly distinct muscles in Tupaia . Deep to this muscle, which 
may be here called the muscidus labium proprius , was found a 
representative of the Levator Aviguli Oi'is muscle, the fibres of 
which run downwards from the maxilla immediately distal to 
the infraorbital foramen to the upper lip. This muscle is very 
small but somewhat conspicuous because of its dark pink colour. 

The Auricular Muscles. 

The External Ear of Ptilocercus is well developed, and in 
association with this the muscles attached to it are clearly 
differentiated. 

The posterior auricular muscle is represented by two separate 
slips both of which arise from the occipital crest and adjacent 
portion of the nuchal raphe. The anterior muscle runs forwards 
and laterally, and behind the ear divides into two parts. Of 
these, the anterior is inserted into the pinna on a little eminence 
which corresponds to the fossa triangularis, while the posterior 
is attached postero-superiorly to this. The posterior muscle 
runs laterally to the posterior border of the concha where 
the latter joins the meatus. 

The superior auricular muscle is very small and difficult to 
identify. Its fibres are attached below to the cranial surface of 
the pinna and, traced upwards, they turn forwards to become 
continuous with the fibres of the occipitalis muscle. 

The anterior group of auricular muscles is represented by 
a broad band which runs backwards to the cranial aspect of the 
base of the crus helicis, M. Scutularis , and a narrow slip which 
is attached to the dorsal aspect of the helix a little above 
the former, Portio Transiens. Both these muscles arise from the 
temporal fascia and blend anteriorly with the outer fibres of 
the orbicularis oculi. They are suppled by preauricular branches 
of the Facial nerve. 

The Depressor Helicis is a small but well defined slip which 
runs from the anterior border of the base of the helix downwards 
to blend superficially with the auriculo-labialis superior. 

The Mandibulo-auncularis is readily demonstrable as a sub- 
cylindrioal muscle, somewhat darker in colour than the other 
muscles in the neighbourhood, passing from the deep aspect 
of the base of the helix to end in the fascia lying behind the 
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upper part of the posterior border of the masseter. No osseous 
attachment could be found. 

The Cervico-auricularis has been described in connection with 
the platysma sheet. 

if. Auriculo-labialis Superior . — A well defined muscle rising 
from the region of the tragus and passing forwards. It divides 
anteriorly into three slips which run deep to the upper fibres of 
the platysma and are lost in the tissues below the eye, blending 
with the fibres of the orbicularis oculi. 

M. Auricula -labialis Inferior . — This is represented by a small 
slip which is attached to the ear just in front of the incisura 
auris and runs forwards to intermingle with the fibres of the 
platysma sheet. 

Mm. Helicis and Tragicus are represented by fibres running 
vertically between the crus helicis and the tragus, and thus 
forming a M. Trago-Helicinus. M. Antitrqgicus is also present, 
and is connected with the former muscle by fibres which cross 
over the incisura auris. 

The Mm. Obliqui are present as longitudinal fibres stretching 
over the cranial surface of the pinna from the base towards the 
tip of the ear. 

Muscles of Mastication . 

The Masseter is a bulky, powerful muscle. It can with little 
difficulty be divided into three distinct layers. The most 



Muscles of Masticatiou. ( X 2.) 

superficial layer rises from the anterior two-thirds of the lower 
border of the zygomatic arch. Its anterior border is markedly 
tendinous and is attached to the zygomatic process of the 



ANATOMY OF TIIE PEN-TAILED TUBE-SHREW. 


1261 


maxilla. The fibres of this layer run almost horizontally 
backwards and are inserted into the angle of the mandible ana 
the lower border for 1 1 mm. in front of the angle. The middle 
layer is separated from the superficial layer by an aponeurotic 
layer, but the two layers blend anteriorly. It rises from almost 
the whole length of the lower border of the zygomatic arch, but 
not extending quite so far forward in this attachment as the 
superficial layer. The fibres pass downwards and backwards to 
be inserted into the posterior part of the lower border of the 
mandible, but mainly into the outer surface of the angle where 
they form a conspicuous tendon. The deep layer consists of 
fleshy fibres which rise from the lower border and deep surface 
of the zygomatic arch and run vertically downwards to be 
inserted into the greater part of the lateral surface of the 
ascending ramus. It is pierced at the junction of its middle and 
posterior thirds by the masseteric branch of the trigeminal. 

The Temporal Muscle , as in Tupaia , can be subdivided into 
three components. The superficial part takes origin from the 
anterior three-quarters of the temporal crest, the anterior part 
of the temporal fossa, and the aponeurotic surface of a corre- 
sponding extent of the deep layer. Its fibres gain an aponeu- 
rotic attachment to the anterior border of the coronoid process 
and ascending ramus of the mandible, reaching down to the 
alveolar border. The deep head rises from the remainder of the 
temporal crest and fossa and is inserted mainly into the anterior 
and posterior borders and the deep surface of the large coronoid 
process. The zygomatic portion rises from the upper border of 
the posterior end of the zygomatic arch and slightly from 
the deep surface, here blending with the deep layer of the 
masseter. It is inserted into the lateral surface of the coronoid 
process. 

The 1 Digastric Muscle is well developed . It consists of two bellies 
which are united by a fine oblique tendinous intersection, and 
not by a definite tendon as is the case in Tupaia. There is, 
however, a development of an aponeurotic surface on the lateral 
aspect of the junction of the two bellies. The anterior belly is 
aponeurotic on its lower surface at its insertion. The latter 
extends along the lower border of the mandible from a point 
2 mm. l>ehind the symphysis backwards for a distance of 9 min. 
The two anterior bellies are united by a frail central arched 
tendon from which fibres arise and run directly forwards. No 
decussation of fibres could be detected in the mid-line. The 
mylohyoid nerve was observed entering its deep surface. There 
is no connection between the digastric and the hyoid bone. The 
posterior belly rises from the posterior extremity of the tympanic 
bulla, the occipital bone immediately behind and the adjacent 
margin of the stylohyal. The posterior belly is innervated from 
the N. Facialis* 

The Mylohyoid muscle extends from the basibyal forwards to 
within 6 mm* oi the symphysis. It rises as usual from the 
Pboc. Zool. Soc. — 1926, No. LXXXII. 82 
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mylohyoid ridge of the mandible, the posterior fibres passing 
obliquely backwards to be inserted into the whole length of the 
basihyal, and the anterior fibres running transversely to the 
median raphe. .The mylohyoid nerve lies on the superficial 
surface of the muscle. 

There is no sign of a M. intermandibularis. 

Pterygoideus Intemus . — This large muscle can be separated 
into two equal layers by an aponeurotic lamina in the centre. 
It rises from the whole of the pterygoid fossa and from the 
surface of the alisphenoid behind this as far as the level of 
the foramen ovale. A small tendinous slip (representing the 
superficial head) takes origin from the tip of the external 
pterygoid plate and joins the main mass. The muscle is inserted 
into the medial aspect of the angle of the mandible. 

Pterygoideus Extemits is smalt compared to the preceding 
muscle, but is quite conspicuous, It rises from the lateral 
surface of the external pterygoid plate and the adjacent surface 
of the alisphenoid laterally, but there is no distinct division into 
two heads at the origin. The insertion is mainly into the 
anterior aspect of the capsule of the temporomandibular joint, 
bony attachment being very feeble. The muscle is in contact 
above with the lower fibres of the deep head of the temporal 
muscle, but is well differentiated from this muscle. 

The Buccinator muscle forms a thin pal© layer which is 
attached to the posterior parts of the alveolar margins of upper 
and lower jaws, the fibres of which run forward into the cheek 
and blend intimately with those of th* orbicularis oris. 

The Tensor Palati rises from the cartilage of the auditory 
tube and the bulla posterolateral ly. It forms a shiny aponeurotic 
sheet which winds round the prominent hamular process of the 
medial pterygoid plate to reach the palatine velum. 

Levator Palati is a distinct muscle rising almost entirely from 
the cartilage of the auditory tube and slightly from the bulla 
medial to the tube. It passes with the tube into the 
nasopharynx. 

Musd/es of the Neck . 

M. SterTwmastoid. — This muscle is broad and thick. It can 
be divided with little difficulty into (a) a sternornastoid component 
which- is attached above by a flattened tendon to the mastoid 
bone immediately over the stylomastoid foramen, and below is 
inserted into the proximal border of the manubrium stem! ; 
-(5) a clavicular part which below is attached to the clavicle from 
the sternal extremity laterally for 7 mm. The superficial fibres 
of this part are attached above to the occipital crest from the 
mastoid to within 6 mm. of the mid-line, and the deep fibres 
end in the mastoid bone. The spinal accessory nerve passes 
between the cleido- mastoid and cleido-occipital components, and 
deep to the sternornastoid portion. 
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M. Sternohyoid. — Origin from the posterior surface of the 
manubrium sterni and insertion into the caudal border of the 
basihyal. The muscle is in contact with its fellow of the opposite 
side in the whole of its extent and gains no attachment to the 
clavicle. 

M \ Sternothyroid , — This muscle at its origin from the back of 
the mauubrium sterni is closely blended with the preceding 
muscle. It is inserted into the lateral surface of the thyroid 
cartilage. 

M. Thyrohyoid has the usual attachments to the ala of the 
thyroid cartilage (in continuity with the sternothyroid) and to 
the thyrohyal. 

J t. Omohyoid is a \ ery slender strap of muscle attached above 
to the basihyal lateral to the insertion of the sternohyoid, and 
below to the cephalic border of the scapula close to the Iwse of 
the coracoid process. Under cover of the sterno mastoid, it 
shows a narrow oblique tendinous intersection running in a 
medial and caudal direction. 

M Scalenus anticus is absent in all the specimens examined. 
No muscle-fibres pass from the cervical vertebra? to the first rib 
superficial to the subclavian artery. Herein Ttilocercus contrasts 
with Tupaia in which the muscle is present. 

M. Scalenus medius. — This muscle takes origin from the 3rd, 
4th, and 5th cervical transverse processes and is inserted into the 
first rib immediately posterior to the subclavian artery. 

J/. Scalemts posticus is an extensive muscle which rises from 
the transverse processes of all except the first aud last cervical 
vertebra. It is inserted chiefly into the 5th rib, lateral to the 
rectus abdominis. At its medial margin it also gains a feeble 
attachment to the 2nd, 3rd, and 4th ribs, its fibres here blending 
partly with the lateral margin of the rectus abdominis. 

M. Rectus capitis anticus major takes origin from the transverse 
processes of the 4th, 5th, 6th, and 7th cervical vertebra and is 
inserted into the basioccipital as usual. 

M . Rectus capitis anticus minor. — Origin from the lateral part 
of the anterior arch of the atlas aud insertion into the basi- 
occipital bone posterior to the preceding muscle. 

M. Rectus capitis lateralis. — This muscle is distinct, and rises 
from the transverse process of the atlas to be inserted into the 
jugular surface of the occipital hone. 

M. Splenius capitis. — This forms a bulky muscle which rises 
from the whole length of the ligamentum nuchae and the upper 
four dorsal spines. It is inserted into the occipital crest 
extending from the median line out to the mastoid bone. The 
lateral extremity of the insertion is aponeurotic and lies deep to 
and blends with the attachment here of sternomastoid. There 
is no splenius colli. 

If. Complexus (SemispinaUs capitis ). — This muscle rises from 
the transverse processes of all the cervical vertebra except the 
first two, and the upper two or three dorsal vertebrae. It is 

82 * 
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inserted into the occipital bone below the occipital crest. The 
muscle is not divisible into separate parts and there is no sign 
of a biventer cervids. 

M. Longissimus capitis ( Trachelomastoid). — This forms a well- 
defined strap of muscle rising from the transverse processes of 
the 5th and 6th cervical vertebrae and inserted into the mastoid 
deep to the attachment of sternomastoid. 

M. Transversalis cervids is an upward continuation into the 
neck of longissimus dorsi, and is Attached to the transverse 
processes of all the cervical vertebra? except the first. 

M. iSemispinalis colli consists of fibres which, for the most 
part, rise from the transverse processes and are inserted into the 
spines of the cervical vertebra?. The most cranial fibres, however, 
do not converge on the spinous process of the axis, but pass deep 
to the lower border of the inferior oblique muscle to gain 
attachment to the transverse process of the atlas. 

M. liectus capitis posticus superfidalis. — This is quite distinct, 
and forms a flattened triangular muscle rising from the spinous 
processes of the 2nd and 3rd cervical vertebra?, and inserted into 
the occipital bone immediately deep to complexus. 

M. Rectus capitis posticus major rises from the spine of the 
axis and is inserted into the occipital bone deep to the complexus. 

M . Obliquus superior. — This muscle rises from the transverse 
process of the atlas and is attached above as usual to the occipital 
bone deep to complexus. 

M. Obliquus inferior. — This muscle is conspicuous for its bulky 
size. It rises from the spinous process of the axis and is 
inserted into the transverse process of the atlas. 

M. Rectus capitis posticus minor . — Origin from the posterior 
tubercle of the atlas and insertion into the posterior margin of 
the foramen magnum. All these suboccipital muscles, it may be 
noted, are both strongly developed and well differentiated. 

M. Longue colli . — This muscle may be divided into a vertical 
and two oblique components. The vertical portion runs between 
the first four dorsal vertebrae below and the last four cervical 
vertebrae above. The upper oblique part rises from the transverse 
processes of the 3rd, 4th, 5th, and 6th cervical vertebrae and is 
inserted partly into the front of the atlas and partly into the 
front of the axis. The lower oblique part rises from the bodies 
of the first five dorsal vertebrae and is inserted into the transverse 
processes of the last two cervical vertebrae. 

The Muscles of the Tongue and Ilyoid Region * 

M. Geniohyoideus. — This is a well -developed muscle rising from 
the whole of the anterior surface of the basihyal where it 
overlaps the hyoglbssus muscle. It runs forward to end in a 
tendinous insertion at the lower border of the mandible extending 
back from the symphysis for about 2 mm. It is in close contact 
with its fellow of the opposite side throughout its extent. It is 
supplied by a twig given off by the hypoglossal trunk. 
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M \ Geniokyoglossns . — This muscle is perfectly distinct from 
the preceding muscle. Ifc has a small origin from the upper 
border of the hyoid bone and is inserted mainly into the mucous 
membrane of the tongue in the usual way. The lowermost fibres 
are attached in front to the lower border of the mandible 
extending back from the symphysis menti for some 4 mm. on 
either side. 


Text-figure 51. 



Stylohyoid Region. ( X 4.) 

Ch.Gl. Chondroglossun. G.Ql. Genioglowms. IX. Gl. Hyoglosius. Sty.Gl. 

Styloglossus. Inter. Hy. Interhyoideus. Sty.l’h. Stylopharyngeus. Sty.Hd . 
Stylohyoideus. Sty.H. Styloliyal bone. B. Bulla. VII. Facial nerve. 
O.H. Omohyoid. St.H. Sternohyoid. I)i. Digastricus. XII. Hypo- 
glossal nerve. Th. Thyroid gland. C.C. Common Carotid artery. St.M. 
Sternomastoid. I.J.V. Internal jugular vein. A' Vagus nerve. 

M. Hyoglo88us takes origin from the thyrohyal and the basi- 
hyal, reaching to the mid-line. Running forwards the muscles 
diverge on either side of th© genioglossus muscles to reach the 
lateral and dorsal aspects of the tongue. The trunk of the hypo- 
glossal nerve enters the substance of the tongue by passing 
between the hyoglossus and the genioglossus muscles. 

M» Styloglossus , — This muscle is well differentiated and rises 
from the lateral convex surface of the stylohyal immediately 
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below the external auditory meatus, It runs forwards and 
medially to meet the hyoglossus with which its fibres intermingle. 

M. Stylohyoideus . — This lies altogether deep to the digastricus. 
It forms a rounded fleshy belly which takes origin from the 
lateral surface of the stylohyal. It is crossed superficially at 
its origin by a branch of the ectoearotid passing to the facial and 
submaxillary regions. Its fibres are directed medially, superficial 
to the hypoglossal nerve and the termination of the ectoearotid 
artery, to be* inserted into the lateral half of the basihyal and 
the medial extremity of the thyrohyal. It is supplied by the 
facial nerve. 

M. Stylopharyn geus . — This is a relatively thick fleshy layer of 
muscle which wraps over the anterior end of the rounded bulla. 
It rises from the anterior half of the stylohyal and its fibres run 
across the surface of the tympanic bulla to reach the pharyngeal 
wall by passing under cover of the hyoglossus and the inter* 
hyoideus. A branch w*as traced to the muscle from the 
glossopharyngeal nerve. 


Text-figure 52. 



Th© Hyoid Apparatus, show ing the Iutorhyoidetu muse]©. (X 4.) 

M . Chondroglo8su8 . — Under this heading is described a thin 
but distinct layer of muscle which rises from the ceratobyal and 
the medial end of the epiiiyal ami passes dorsally on the side of 
the genioglossus, its fibres blending with the latter muscle near 
the dorsiun of the tongue. 

M. Inter hyoideus. — This muscle is interposed between the 
hyoglossus and the stylopharyngeus. It runs between the upper 
margin of the thyrohyal below and the ceratobyal and medial 
half of the epihyal above. It is innervated by the glosso- 
pharyngeal nerve. This muscle, as Dr, Edgeworth has pointed 
out to me, corresponds to M. subarcuatus rectus 1 of the series 
of longitudinal muscles found in lower vertebrates. 

Musculature of the Dorsal and Shoulder Region . 

Trapezius Th e origin of this muscle, which forms a 
continuous sheet, is from the occipital protuberance, from the 
nuchal crest for 3 mm. from the mid-line, from the ligamentum 
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Text. figure 53. 



nuchte, and from the spines of the upper 8 or 9 thoracic vertebra 
and the interspinous ligaments. It is inserted into the cephalic 
lip of the free border of the scapular spine and into the medial 
4 mm. of the caudal lip. There is no clavicular attachment. 
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M. Lalissimus dorsi takes origin directly from the spines of 
the 5th to the 13th thoracic vertebrae inclusively and the 
interspinous ligaments, from the lumbodorsal aponeurosis, and 
from the lateral surface of the last three ribs. It is inserted 
by a characteristic Hat tendon into the well-defined fossa which 
forms the floor of the* bicipital groove on the humerus. This 
muscle gains no attachment to the crest of the ilium. 

M . Serratus antious takes origin by digitations from the upper 
8 ribs. It is continuous with the levator anguli scapulae, and 
is inserted into the caudal half of the vertebral border of the 
scapula. 

M. Rhomboideus capitis rises from the nuchal crest deep to 
trapezius and sternomastoid, extending laterally from the mid-line 
for 4-5 mm. It takes no origin from the ligamentum nuchoe. It 
is inserted into the vertebral border of the scapula opposite the 
base of the spine, where it blends with the rhomboideus cervicis. 
This muscle is innervated by the sam^nerve which supplies the 
levator scapulae posticus. 

J/. Rhomboideus cervicis is not divisible into major and minor 
portions. It takes origin from the upper four thoracic spines and 
interspinous ligaments, and is inserted into the vertebral border 
of the scapula caudal to the spine. 

Levator scapula* posticus . — This muscle, which is also known as 
the Atlanto- scapular is or the dorsal part of the Omo~cleido~ 
transversarius , rises from the ventral aspect of the atlas, and is 
inserted into the vertebral border of the scapula just above the 
base of the spine and into the medial end of the upper lip of 
the spine. 

Levator scapulae auticus (J tlanto-acromialis) rises from the atlas 
immediately medial to the attachment of the preceding muscle, 
and gains insertion into the caudal border of the metacroinion 
process of the scapula. 

Levator anguli scapulas . — This muscle takes origin by a series 
of digitations from the transverse processes of all the cervical 
vertebrae except the first, immediately posterior to the scalenus 
posticus. It is inserted into the vertebral border of the scapula 
proximal to the base of the spin© and continuous directly with 
the attachment of the serratus anticus. 

Muscles of the Upper Extremity . 

M . Pectoralis Major . — This muscle cannot be divided into 
separate parts. It takes a continuous origin from the lower end 
of the tendon of the stern omastoid, from the medial extremity 
of the clavicle (very slight attachment), from the capsule of the 
sterno-clavicular j^nt, from the whole length of the sternum, 
the xipbisternum, the sternal ends of the costal cartilages, and 
slightly from the upper end of the rectus sheath. It is inserted 
in the usual fasion into the outer lip of the bicipital groove, 
extending from the distal end of the deltoid eminence upwards 
for 6 min. This muscle is supplied by the lateral anterior 
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Text-figure 54. 



Musculature of the Trunk. (xH.) 

<?JET* Geniohyoid* Di. Digastric. Mk. Mylohyoid. Par. Parotid gland. Par.D. 
Parotid duct. Bb.Ma#. 8 uhnntx illary gland. Sc.Jk f. Scalenus mediae. 

gc.P. Scalenus posticus.. Sb.C. Subclavma. P.Ma. Pectorslie major. 

P.ML Pectomlu minor. St.C. Sternocostal!*. Md.H. Abdomino-lmmeralie. 
DM iWao-liummlw. JR. 46 . Rectus abdominalis* S.Ant. Serratus 
amicus. 




1270 


MR. W. K. J,l£ GttoS CLARK 03 THE 


thoracic nerve which enters the deep surface of the muscle by 
passing deep to the subclavius, and by the medial anterior 
thoracic which pierces pectoralis minor. 

M. Pectoralis Minor is incompletely separated from the 
pectoralis major at the lower part of its origin. It rises from 
the 4th to 7th costal cartilages and adjacent part of the sternum, 
and is pierced by the medial anterior thoracic nerve which 
supplies it. The muscle is inserted by a thin tendinous expansion 
into the capsule of the shoulder-joint, the great tuberosity, the 
lateral border of the bicipital groove, and the fascia covering 
the tendon of the long head of biceps, extending down the shaft 
of the humerus for 8 mm. 

Mm. Abdomino- and Dor so- h umeralis . — These muscles arise by 
a common tendon which is attached to the neck of the humerus 
deep to the insertion of pectoralis minor, extending down the 
humeral shaft for 5 mm. The two muscles become separated at 
a distance of about 8 mm. from their origin. The abdomino* 
h umeralis runs towards the mid-ventral line, spreading out over 
the rectus sheath. Its proximal border is contiguous and blends 
with the caudal borders ©f pectoralis major and minor. The 
dorso-h umeralis spreads over the flank, forming an extensive 
panniculus which reaches from the lower abdominal region over 
the outer side of the thigh to the base of the tail. Both these 
muscles are innervated by a nerve which is derived from the 
medial cord of the brachial plexus in common with the medial 
anterior thoracic nerve, and which runs to its destination under 
cover of the pectoralis minor muscle. 

M \ Subclavius . — This is a relatively bulky muscle which takes 
origin from the first costal cartilage close to the sternum, ami is 
inserted into the lower and posterior aspects of the lateral 
extremity of the clavicle. There is no attachment to the scapula. 

The Deltoid consists of two parts at its origin. The clavicular 
head rises from the lateral 6 mm. of the anterior border of the 
clavicle, and the acromial head takes origin by a well-defined 
tendon from the metacromial tubercle. The insertion is into 
the prominent deltoid crest on the humerus, where it blends 
with the lower fibres of the pectoralis major. 

Teres major.-*- This rises from the inferior angle and the whole 
length of the axillary border of the scapula, and is inserted as 
usual into the medial margin of the bicipital groove. 

Teres minor . — This muscle is relatively large. It rises from 
the lateral three-quarters of the scapular spine and the fascia 
covering the lateral part of infraspinatus to a corresponding 
extent. It is inser ted into the shaft of the humerus by a fiat 
tendon 3 mm. bro^d. This tendon lies deep to the deltoid, its 
lower fibres blending with the insertion of the deltoid. A branch 
of the axillary nerve was traced into the teres minor. 

M. Subscapularis, — This rises from the whole of the ventral 
surface of the scapula . It is pierced by three subscapular nerves 
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which divide the muscle indistinctly into four parts. Each of 
these parts shows a somewhat bipenniform arrangement of its 
fibres and becomes tendinous towards the insertion into the 
lesser tuberosity of the humerus. 

Mm. Supra - and Infraspinatus . — Both these muscles are 
powerfully developed. The former rises from the supraspinous 
fossa and the proximal surface of the spine, the latter from the 
hollowed-out infraspinous fossa and the distal surface of the spine. 
They are inserted into the greater tuberosity of the humerus. 

Triceps . — This muscle is somewhat complicated. It consists 
of (a) a long head, which takes origin from the infraglenoid 
ridge of the scapula, forms a thick belly, and is inserted into the 
tip of the olecranon process superficially; (b) a lateral head 
which can be subdivided into a portion which rises by a tendinous 
attachment from the postero-in tenia! aspect of the neck of the 
lmmerus, above the insertion of teres minor and lateral to 
the proximal extremity of brachialis anticus, and also from the 
fascia covering biaeliialis anticus; a portion rising by a linear 
fleshy origin from the posterior surface of the humerus medial 
to brachialis anticus extending from the neck down the shaft for 
0 min.; a third portion which blends closely with the preceding 
portion but lies on a deeper plane and rises also from the back 
of the humerus lateral to the musculospnal groove and is partly 
tendinous below. The first and second parts of the lateral head 
are inserted in common into the lateral border of the olecranon 
piocess and into the deep fascia covering the extensor muscles 
of the forearm. The third part is associated at its insertion 
with the long head, gaining attachment to the tip of the olecranon 
process, (c) The medial head of the triceps is small, rising from 
the humeral shaft extending from the middle of the inner aspect 
down over the lower half of the posterior surface. It is inserted 
deeply into the common tendon of insertion. 

M. Anconeus is not present as a separate muscle. It is 
lepresented by the lower fibres of the medial head of triceps 
rising from the back of the spinator ridge and being inserted 
into the radial margin of the olecranon process. 

Biceps . — The long head rises from the upper margin of the 
glenoid cavity and forms a relatively thick tendon which runs 
through the cavity of the shoulder-joint. The short head is well 
formed and rises from the apex of the coracoid process in common 
with the coracobrachialis, the tendon of the latter muscle also 
giving attachment to some of the fibres. The two heads join 
about 5 mm. below the tip of the coracoid process. The tendon 
of insertion is strongly attached to the radial tubercle. No 
lacerttis fibrosus is present. 

M \ Cor aco -brachialis . — This muscle is in its generalised form. 
The short head is fleshy, rises from the lower surface and medial 
margin of the coracoid process, and is insei ted into the medial lip 

the bicipital groove proximal to the insertion of latissimus 
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dorsi. The long head is tendinous at its origin from the tip of 
the coracoid process, and is inserted into the medial border of the 
humerus extending from the middle of the shaft down across the 
entepicondylar foramen to the medial epicondyle of the humerus. 
The musculocutaneous nerve passes between these two portions 
and supplies them. 

M. Brachialis Antious , — Origin from the anterior surface of 
the lower half of the humerus and extending upwards postero- 
lateral to the deltoid to reach the posterior aspect of the neck of 
the humerus. The muscle is inserted as usual into the coronoid 
process of the ulna. 

M . Eorso-epitrochlearis . — As in Tupaia , this muscle rises by 
two heads, but they are not so distinctly separable. It takes 
origin mainly from the tendon of latissimus dorsi, a few fibres 
only coming from the adjacent tendon of teres major. The lower 
attachment is to the medial side of the olecranon process. 

M. Condylo- Olecranon is . — This forms a muscular layer crossing 
over the ulnar new e fiom the lower end of the medial supra- 
condylar ridge to the olecranon process, blending below with the 
upper fibres of the extensor carpi ulnaris. 

Muscles of the Forearm . 

M. Brachioradialis . — This is found to be completely absent, 
and in this feature lHilocercus resembles the Lipotyphk and 
stands in contrast to Tupaia , in which this muscle is normally 
present (at least in sp. minor and ferruginea). 

M . Supinator rises by a rounded tendon from the lateral 
epicondyle, the lateral aspect of the capsule of the elbow-joint 
and the small sesamoid hone situated here. There is no ulnar 
attachment. Inserted by fleshy fibres into the anterior and 
lateral aspects of the upper half of the radius. The posterior 
interosseous nerve passes altogether deep to the muscle. 

Mm. Extensores Carpi liadialis and Brevis rise by a continuous 
origin from the supinator ridge of the humerus, extending up 
from the lateral epicondyle for some 5 mm. Tendons are formed 
at a distance of 14 mm. from the origin, and the insertions are, as 
usual, into the bases of the 2nd and 3rd metacarpals. 

Extensor Communis Digitorum rises from the lateral epicondyle 
and intermuscular septa. Tendons are formed at the middle of 
the forearm and are ultimately inserted into the terminal 
phalanges of the ulnar four digits, aponeurotic expansions being 
formed on the dorsal aspect of the proximal phalanges which are 
intimately blended with the capsules of the interphalangeal 
joints. The division of the tendons of this muscle is liable to 
variation, but in ^ie specimen two tendons were first formed, 
of which the radial Supplied the 2nd and 3rd digits, and the ulnar 
the 3rd, 4th, and 5th digits. 

Extensor Digitorum Lateralis . — This muscle rises in common 
•with the former, but quickly becomes separated. It forms a long 
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Muscles of the Forelimb. (X 2.) 

Jj.D. Latissimus dorsi. M.C.n. Musculocutaneous nerve. Md,n. Median nerve. 
17.». Ulnar nerve. M.S.n. Muaculospiral nerve. Tr.M. Medial head of 
triceps. Tr.L. Long head of triceps. Bi. Biceps. C.Br . Coiaco- 
brachialis. C.O. Condylo-olecranon. jP.£. Palmaris longus. F.C.R. 
Extensor carpi radialis longus. JF.CU7. Flexor carpi ulnaris. JE.C.U. 
Extensor carpi ulnaris. F.C.R. Flexor carpi radialis. P.Br. Palmaris 
brevis. F.Br.M. Flexor brevis manus. Ahd.F.Br. Abductor pollicis 
brevis. FJP.Br> Flexor pollicis brevis. 
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tendon which below the wrjjsfc divides into two to pass to the 4th 
and 5th digits, fusing with the corresponding tendons of the 
extensor communis. 

Extensor Carpi Ulnaris. — Origin from the lateral epicondyle 
and intermuscular septa. No attachment to ulna. Insertion 
into the base of the 5th metacarpal. 

M. Abductor Pollicis Longus . — This is a large muscle rising 
from the proximal half of the posterior surfaces of the radius and 
ulna, extending up on to the lateral surface of the olecranon, 
and from a corresponding extent of the interosseous membrane. 
It is inserted by a stout tendon into the base of the 1st 
metacarpal. 

Extensor Pollicis Longus . — This muscle can be readily separated 
from the remainder of the deep extensor mass up to its origin 
from the lateral surface of the base of the olecranon. The tendon 
is inserted into the terminal phalanx of the pollex. 

There is no Extensor Pollicis Brevis . 

Extensor Profundus Diyitorum. — This muscle rises from the 
lateral aspect of the ulna, extending from the base of the 
olecranon down the upper third of the shaft. It supplies tendons 
to the index and rnedius digits, joining the corresponding tendons 
of the extensor communis. This and the preceding muscle lie at 
their origin between the Extensor Carpi Ulnaris and the shaft 
of the ulna. 

M. Pronator Radii Teres . — There is no ulnar head. The 
muscle is well developed, and takes origin from the medial 
epicondyle. It is inserted by a broad tendinous attachment to 
the middle of the lateral aspect of the shaft of the radius. 

Flexor Carpi lladialis rises by the common flexor tendon from 
the medial epicondyle of the humerus. It becomes tendinous 
just below the middle of the arm and is inserted into the base of 
the 2nd metacarpal. 

Palmwris Longus has a similar origin to the preceding muscle. 
It becomes tendinous a little above the middle of the forearm, 
and at the proximal border of the transverse carpal ligament it 
spreads out to become continuous with the palmar fascia and 
with the transverse carpal ligament itself. The palmar 
aponeurosis is relatively poorly developed. 

Flexor Carpi Ulnaris. -This arises from the medial epicondyle 
of the humerus and the upper half of the posterior border of the 
ulna. At the wrist its tendon splits into two parts, a larger 
portion which is inserted into the pisiform bone and a smaller 
dip which runs to the 5th metacarpal bone, immediately distal to 
the base. 

Flexor Sublimis Digitorum. — There is no radial head to this 
muscle, the origin being entirely from the medial epicondyle in 
association with the common flexor mass. The muscle forms 
four tendons some 3 or 4 tnm. above the level of the wrist which 
pass beneath the transverse carpal ligament to the four ulnar 
digits. Opposite the metacaipo-phalangeal joints, each tendon 
.splits to afiow the passage of the deep flexor tendon, and Anally 



ANATOMY OF TIIK PEN-TAILEl) TREE-8 HEEW. 


1275 


gains insertion into the middle phalanx. The tendon to the 
minimus digit is joined immediately before it splits by the fine 
tendon of the flexor brevis manus. Above the wrist a strong 
tendon is given off from the deep aspect of the flexor sublimis to 
join the flexor profundus digitorum. 

Flexor Profundus Digitorum is a large muscle rising from 
several sources. A small superficial head takes origin from the 
deep aspect of the common flexor tendon from the medial 
epicondyle and ends in a fine tendon. The main mass rises from 
the front of the radius from the bicipital tubercle down to the 
proximal border of pronator quadratus, from anterior and medial 
surfaces of the ulna up to the base of the olecranon process, and 
from a corresponding extent of the interosseous membrane. At 

Text-figure 56. 



Palmar tendons of Flexor Profundus Digitorum. 

the wrist this mass becomes imdistinctly divided into three parts, 
lateral, central, and medial, which fuse together again to form a 
broad flattened common tendon. This receives on its superficial 
surface the communication from the flexor sublimis and the 
tendon of the superficial head, and in the palm divides into five 
tendons which pass to reach terminal phalanges of the five digits. 
In the common palmar tendon is developed a small sesamoid bone 
at the base of the tendon for the pollex. The superficial part is 
supplied direct from the median nerve, and the deep part by the 
volar interosseous and ulnar nerves. 

The Pronator Quadratus is well developed. It extends between 
the radius and ulna for a distance of 5| mm. from the lower 
eatlrem%is^^ 

No PtxMhUlnaris apart from the pronator q uad m tu s was 
detected. 
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Muscles of the Hand. 

The Palmaris Brevis is very distinct. Its fibres run trans- 
versely from the palmar aspect of the transverse carpal ligament 
and the palmar fascia to the integument on the ulnar side of the 
hypothenar eminence. 

Mm. Lumbricales. — These are four in number and very con- 
spicuous. They rise from the origins of the separate tendons of 
the flexor profundus, each muscle rising from the two tendons 
between which it lies. They pass round the radial side of their 
respective digits to read) the dorsal extensor expansions, but 
mainly to be attached to the proximal phalanges. 

M. Abductor Pollicis Brevis is a thin attenuated muscle which 
rises from the transverse carpal ligament and slightly from the 
ossicle on the Os Trapezoideum. It terminates in a fine tendon 
which is inserted into the radial side of the base of the proximal 
phalanx and the radial sesamoid bone of the thumb. 

M. Flexor Brevis Pollicis . — This is a bulky muscle which rises 
from the transverse carpal ligament, the ossicle on the palmar 
aspect of the Os Trapezoideum, and the adjacent part of the 
carpus, and is inserted into the base of the proximal phalanx, 
the distal. extremity of the first metacarpal, and the capsule of the 
metacarpo-phalangeal joint mainly on the radial side, though 
some fibres pass also to the medial side. No separate Opponens 
Pollicis is present. 

Flexor Brevis Manus . — Tl)is very delicate muscle rises from the 
ulnar region of the transverse carpal ligament, end supplies a fine 
tendon which joins the tendon of flexor sublimis to the 5th digit 
before it splits. In Tupaia, it may here be noted, the flexor brevis 
manus replaces the minimus tendon of flexor sublimis altogether. 

M. Abductor Minimi JMgiti is a broad muscle which rises from 
the pisiform bone and the adjacent part of the carpal ligament 
and is inserted into the ulnar side of the base of the proximal 
phalanx of the 5th digit. 

M. Flexor Brevis Minimi Bigiti . — Also well developed, rising 
from the transverse carpal ligament and having the same insertion 
as the abductor. No Opponens is present. 

Mm. Contrahentes . — These muscles are three in number. They 
rise from the palmar surface of the carpus deep to the long flexor 
tendons and are very distinct. One is inserted into the ulnar 
side of the base of the proximal phalanx of the thumb, forming 
an Adductor Pollicis , and the others bear the same relation to 
the ulnar side of the index and the radial side of the minimus 
digits. 

Mm. Flexores Breves Digitorum. — These are numerous, a more 
or less dififerentiabed pair being found in connection with each 
digit. Each pair rises by a common fleshy mass from the palmar 
aspect of the carpus deep to the Mm. Contrahentes, lie# on the 
palmar aspect of the metacarpal bone, and divides into its 
two component parts, which wrap round the distal half of this 
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bone to be inserted into the sides of the proximal phalanges, 
through the sesamoid bones. 

Mm* Interossei, apart from the flexor brevis digitorum muscles 
just described, are not present. 

The Musculature of the Lower Extremity * 

Gluteus Maximus . — This muscle covers over the greater part of 
the gluteal region, forming a thin lamina except at the caudal 
border, which is thick and rounded. Ft rises from the crest of 

Text-figure 57. 


ft ps 



Musculature of the lateral aspect of the Thigh and Log. (x \.) 

Il.ps. Iliopsoaa. Gl.med. Gluteus medius. Gl.max, Gluteus maximus. Fem.C. 
Feraoro-coccygeus. JExt.Ob. External oblique. Caud.fem. Caudofemoralis. 
V.E. Vastus externuB. Bt. Biceps. Semiiend. Semitendinosus. Sentiment. 
Semimembranosus. Ten, Teimissimus. Ext. L. JO. Extensor longus 

digitorum. Fer.L . Peroneus longus. Fl.f. Flexor fibularis. T.Ant. 
Tibialis anticus. 

the ilium, extending back from the anterior superior spine to the 
dorsal border, and from the lumbodorsal fascia, through which it 
gains an indirect attachment to the spines of the sacral vertebrae. 
The most anterior fibres are inserted into the fascia lata of the 
thigh, and presumably represent a tensor fasciae femoris . This 
muscle is therefore undifferentiated in Ptilocereu8 f corresponding 
to the condition which also obtains (according to my own studies) 
in Tupaia , The remainder of the gluteus maximus is inserted, ae 
usual, into the third trochanter of the femur. 

Pnoc. SHoou Boc. — 1926, No. LXXXIII. 83 
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M . Femoro-coocygeus is fused with the gluteus maxim us at its 
origin, but is otherwise distinct It takes origin from the spines 
of the first two caudal vertebrae through the fascia covering the 
dorsal aspect of the base of the tail, and from the transverse 
processes of the first three caudal vertebrae. It is inserted into 
the femur by a series of fleshy slips extending from immediately 
below the third trochanter down to the lateral aspect of the 
lateral condyle, to the capsule of the knee-joint at the side of 
the patella and patellar ligament, and to the lateral fabella 
and the tendon of origin of the lateral head of gastrocnemius. 
Two branches of the sciatic nerve (distinct from the gluteal 
nerves) were traced into this muscle, one entering it near its 
origin and one at the middle of its length. 

The Gluteus Medius is of considerable bulk and partially 
bilaminar. It rises from the greater part of the lateral surface 
of the dorsum ilii and to a slight extent from the fascia covering 
the caudal muscles. The superficial fibres end in a fleshy 
attachment to the femur from the base of the great trochanter 
down to the insertion of gluteus maximus. The deep portion 
has a tendinous insertion into the lateral aspect of the great 
trochanter. 

Gluteus Minimus . — This muscle can readily be distinguished 
from the preceding muscle. It rises from the dorsum ilii along 
the ventral border, extending from the anterior superior spine 
back to the neighbourhood of the acetabulum. It is inserted by 
a tendon into the anterior surface of the great trochanter. 

M. Piriformis . — This is represented by a thin attenuated layer 
of muscle which rises from the sharp dorsal border of the ilium 
corresponding to the great sacro- sciatic notch. The cranial fibres 
at their origin are continuous with the caudal fibres of gluteus 
medius, but the muscle at its insertion converges on the tip of 
the great trochanter, where it is inserted separately deep to gluteus 
medius. It is, moreover, supplied by a separate twig arising 
independently from the sacral plexus. 

M. Obturator Internus rises from the pelvic aspect of the 
obturator membrane and the whole circumference of the obturator 
foramen. It forms a strong tendon which runs in the usual way 
to be inserted into the medial aspect of the tip of the great 
trochanter. 

The Gemellus superior and Gemellus inferior are both present 
but indistinctly separated from each other. They arise as usual 
from the margins of the lesser sacro-sciatie notch and pass with 
the tendon of the obturator internus (which they cover over and 
conceal) to the same insertion. 

if. Quadrates femoris .— This muscle rises from the lateral 
aspect of the tfiW ischii, and is inserted into the femur from the 
tip of the meat trochanter down to the posterior surface of the 
lesser trochanter. It is a well-developed fleshy muscle. 

if. Caudofemorcdis. — This conspicuous muscle takes origin from 
the transverse processes of the first and second caudal vertebra, 

■ ■ 



ANATOMY OP THE PKN-TAILEO TREE-SHREW. 


1279 


its origin being continuous caudally with that of semitendinosus. 
It passes down medial to the great sciatic nerve and lateral to 
the branch of this nerve which runs to the semimembranosus 
and biceps, eventually to be inserted into the greater part of the 
posterior surface of the lower half of the femoral shaft, reaching 
down to the articular condyles. The nerve-supply is derived 
from the great sciatic nerve by the same twig which innervates 
the biceps and semimembranosus. 

M. Te luma imus is present as a narrow band of muscle rising 
from the fascia lying between the origin of the caudal fibres of 
gluteus maximus and the dorsal caudal muscle. It is inserted 
into the fascia of the leg below and in continuity with the 
insertion of biceps, being overlapped slightly by the lower margin 
of the latter muscle. It receives a twig from the nerve going to 
the femoro-coccygeus. 

M. JBiceps rises by a tendinous origin from the ischial tuberosity 
in common with the ischial head of semitendinosus. It forms a 
thick muscle which emerges from under cover of the posterior 
border of funoro-coecygeus, and is inserted by a broad fascial 
expansion into the lateral condyle of the tibia and the deep fascia 
of the leg for the upper half of its extent. It gains no 
attachment to the fibula. 

M. tSeniitendinosaSi as in Tapain^ has two heads of origin : 
(a) from the transverse processes of the 2nd and 3rd caudal 
vertebrse, blending with the origin of caudofemoralis and deep to 
femoro-coccygeus ; and (6) from the ischial tuberosity in common 
with the biceps. Both origins are by fleshy fibres, and they unite 
about 6 mm. from their attachments to form a single muscle 
belly. This is inserted by a narrow, flat, ribbon -like tendon into 
the tubercle of the tibia deep to the gracilis. No tendinous 
intersection is visible in this muscle. 

J/. Semimembranosus. — This muscle rises from the ischial 
tuberosity and along the lower border of the ischium in front 
for 2 mm. It is inserted into the inner condyle of the tibia by a 
flattened tendon which passes beneath the internal lateral 
ligament of the knee-joint and lies deep to the upper fibres of 
the sartorius at its attachment to the tibia. There is no femoral 
attachment. 

M. Sartorius rises from the central portion of the inguinal 
ligament, having no direct attachment to the ilium or the pubis. 
It is inserted into the mesial surface of the tibia, extending from 
the medial condyle downwards for some 5 mm. 

M. Gracilis is a broad sheet of muscle, its breadth at its origin 
being 9 mm. It rises from the medial end of the superior ramus 
of the pubis, the medial end of the inguinal ligament, and the 
bone at the side of the symphysis pubis. It is inserted into 
the tibia! crest for a distance of 6 mm. below sartorius by a thin 
aponeurosis, being slightly overlapped by the lower border of 
sartorius above. 


83 * 
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M. Pectineus.— This is a relatively bulky muscle, rising from 
the body of the pubis and the medial end of the superior ramus. 
It is inserted into the posterior aspect of the femur extending 
from the lesser trochanter to the junction of the upper and 
middle thirds of the shaft. It is supplied by a branch from the 
anterior crural nerve. 

M. Adductor longus is a somewhat narrow muscle, rising 
by a small rounded tendon from the side of the anterior end of 


Text-figure 58. 



JExt.Ob. External oblique. L.OU Lymphatic gland. U.pt, Iliopsoas. Fee, 
Pectineus. Or. Gracilis. Ad.L. Adductor lougus. Ad.Br. Adductor 
brevis, Ad.M. Adductor magnun. R.F. Bectus fern oris. S. Sartorius. 

F.I. Vastus intmius. A.Saph. SapbcnouB artery. Oast. Gastrocnemius. 
Sol. Soleus. F.T. Flexor tibialis, F.F. Flexor fibularis. T.Fost. Tibialis 
posticus. T.Ant. Tibialis auticus. FI. Plantaris. JS.L.1I. Extensor longua 
hallucis. 

the symphysis pubis, lateral to the origin of adductor brevis, and 
inserted into the middle of the femoral shaft for 3 or 4 mm. in 
continuity with the insertion of pectineus. 

M. Adductor brevis, in contrast to the preceding muscle, is thick 
and well developed. It rises from the pubis lateral to the 
anterior part of the symphysis pubis and is inserted into the 
middle third of the femoral shaft. 

M. Adductor magnm . — This large muscle rises from the ischio- 
pubic ramus, extending from immediately in front of the 
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attachment of semimembranosus to the symphysis pubis. It has 
no attachment to the tuber ischii. The bulk of the muscle runs 
straight down towards the knee, where it gains attachment to the 
posterior aspect of the medial condyle of the femur, the medial 
fabeila, the upper end of the internal lateral ligament, the 
medial part of the popliteal sui face, and the posterior aspect of 
the shaft of the femur, extending up for about (> mm. It blends 
at its insertion with the caudofemoralis. The upper part of the 
adductor maguus, which is much smaller and is easily separated 
from the part already described up to its origin, forms a thin 
lamina which is inserted into the posteromesi il aspect of the 
femur from the level of the upper end of the third trochanter 
down to about the middle of the shaft. That all this muscle- 
mass represents the adductor maguus is indicated by the relation 
which it bears to the obturator nerve, which lies entirely in front 
of it. Two twigs from the obturator nerve were traced to the 
muscle, one to each part. There is no innervation from the 
sciatic nerve. The femoral vessels pass through the relatively 
wide gap between the two parts. 

M. Obturator externus . — This is a very well-developed muscle 
which takes the usual origin from the obturator membrane 
and the bony margin of the foramen, extending from just 
in front of the ischial tuberosity on to the body of the pubis, 
and ends in a stout tendon lying deep to quadrat us femoris and 
being inserted into the digital fossa of the femur. It is pieiced 
by the obturator nerve, no part of which issues from the obturator 
foramen by passing entirely in front of the muscle. 

M. liectus femoris . — This rises from the anterior inferior 
spine of the ilium and by a stronger tendinous attachment 
to the cephalic border of the acetabulum, but these two “ heads ” 
are closely blended with each other. The deep surface of the 
muscle is aponeurotic and the insertion is into the upper border 
of the patella. 

M. Vastus lateralis is a bulky muscle w hich rises entirely from 
the anterior aspect of the great trochanter immediately below 
the insertion of gluteus minimus. It is inserted into the lateral 
side of the common quadriceps tendon, and by a fascial expansion 
into the lateral margin of the patella. 

M . Vastus medialis is likewise well developed, and takes origin 
from the upper three-quarters of the postero-mesial aspect of 
the shaft of the femur, extending up in front of the lesser 
trochanter to reach the anterior aspect of the base of the 
great trochanter where it lies deep to the origin of vastus 
lateralis. Inserted into the medial side of the common 
quadriceps tendon and into the medial patellar margin. 

M, Vastus intermedins * — This muscle is perfectly differentiated 
and rises from the lower two- thirds of the anterior surface 
of the femoral shaft by deshy fibres. Inserted into the upper 
margin of the patella. No separate suberureus muscle could 
be distinguished. 
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In close association with the insertion of femoro~coecjrgmm 
ere some deeply-shunted muscle-fibres running from the lateral 
femora] condyle to the lateral margin of the patella. 

M. Tibialis aniicus is a large muscle, rising from the upper 
two- thirds of the lateral surface of the tibia, the upper quarter 
of the antero-mesial aspect of the fibula, and the interosseous 
membrane. Its tendon is inserted into the base of the first 
metatarsal, having no direct attachment to the internal cunei- 
form bone. 

M. Extensor longus digitorum . — As in Tupaia y this muscle 
rises entirely from the lateral condyle of the femur by a rounded 
tendon which is attached immediately in front of the upper 
attachment of the external lateral ligament of the knee-joint. 
Half-way down the leg the tendon of the muscle is formed. Just 
above the ankle-joint this passes through a pulley attached 
to the lateral aspect of the base of the lateral malleolus, 
together with the tendons of tibialis aniicus and extensor 
longus hallucis. Immediately below the ankle-joint the tendon 
passes through a pulley of its own, which is attached by two 
slips, one to the front of the tip of the lateral malleolus and 
one to the dorsal surface of the os calcis, On the dorsum 
of the foot the tendon splits into four to supply the lateral 
four digits, fusing with the corresponding tendons of the 
extensor brevis and peronei to gain attachment to the middle 
and terminal phalanges. 

M. Extensor hallucis is a slender muscle blending at its 
origin with tibialis anticus. It rises from the second quarter 
of the antero-mesial aspect of the fibula and from the middle 
two quarters of the interosseous membrane. A slender tendon 
is formed at the junction of the middle and lower thirds of 
the leg which passes under a pulley with tibialis anticus as 
described above, and is finally inserted into the base of tlie 
terminal phalanx of the hallux. 

M, Per one us longus rises from the upper half of the Antero- 
lateral surface of the fibula, reaching on to the head of the 
boue, from the lateral condyle of the tibia by & small tendinous 
slip, and from the inter-muscular septum between it and the 
anterior tibial compartment. The tendon of the muscle passes 
over a groove on the lateral aspect of the prominent peroneal 
tuberpie on the os calcis and across the sole of the foot in the 
usual way, to gain insertion into the base of the first metatarsal. 
There, is no sesamoid body developed in the tendon. 

M. Peroneus brevis , — This muscle is relatively large, and rises 
from the upper three-quarters of the antero-lateral aspect of 
the fibula, reaching up to the base of the head. Its tendon 
runs with the tendons of the two succeeding muscles above the 
peroneal tubercle, where they are bound down by a strap of fascia 
to the dorsal aspect of the os calcis. It is inserted into the 
base of the 5th metatarsal 

M* Penmens quinti digilt . — This slender muscle takes origin 
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from the lower half of the first quarter of the lateral aspect 
of the fibula, and the fascia over peroneus brevis and between 
it and flexor fibulavis. Its fine tendon passes behind the 
lateral malleolus and runs to the fifth digit, where it fuses 
with the corresponding tendon of extensor long us digitorum. 

M \ Peroneus quarti digiti . — This muscle is quite distinct from 
the preceding muscle, and rises from the second quarter of the 
lateral aspect of the fibula, lateral to the origin of the peroneus 
brevis. It ends in a fine tendon which eventually reaches 
the fourth digit, blending with the corresponding tendon of the 
extensor longus digitorum. 

M . Extensor brevis digitorum . — This muscle rises entirely from 
the dorsal aspect of the os calcis and the fascia overlying 
it, having no attachment to the fibula. The inner part of 
the muscle which supplies a tendon for the hallux is definitely 
separated from the remainder of the muscle to form an extensor 
brevis hallucis . The tendon to the hallux joins with that of 
the long extensor to be inserted into the distal phalanx. The 
extensor brevis digitorum provides two other tendons which 
bear a similar relation to the 2nd and 3rd digits. 

2 1. Popliteus . — This rises by a rounded tendon from the 
lateral condyle of the femur immediately below the origin of 
extensor longus digitorum, ami is inserted into slightly more 
than the upper quarter of the posterior surface of the t.ibial 
shaft. 

M. Gastrocnemius rises b} 7 two heads as usual, one from the 
lateral condyle of the femur, postero-inferior to the insertion 
of femoro-coccygeus, and one from the medial condyle im- 
mediately posterior to the insertion of the adductor magnus. 
Fabelhe are developed in both heads. The muscle becomes 
tendinous just above the middle of the leg and is inserted 
into the tuberosity of the os calcis. 

M. Plantaris . — This very slender muscle rises mainly from 
the fascial sheath covering the lateral head of gastrocnemius. 
It ends in a fine tendon 13 mm. in length, which curls round 
the medial side of the tendo A chillis to reach its superficial 
aspect and to become continuous with the plantar fascia. 

M, Soleus is a weak muscle, rising only from the posterior 
aspect of the head of the fibula and becoming tendinous some 
10 mm. above the heel. It forms a minor portion of the tendo 
Achillis, 

Flexor tibialis . — This is a large muscle, rising from the 
posterior surface of the upper half of the shaft of the tibia 
and the back of the head above the popliteus, from the fascia 
over tibialis posticus and over flexor fibularis, by an aponeurotic 
slip from the posterior aspect of the head of the fibula 
immediately below the origin of soleus, and from the fascia over 
popliteus. 

Plexor fibularis is also a well-developed muscle, rising from 
the lower two-fifths of the posterior surface of the tibia, 
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the whole length of the posterior surface of the fibula, the 
middle two quarters of the interosseous membrane, end the 
septum separating it from the peronei muscles. The muscle 
remains fleshy down to the level of the ankle-joint. The insertion 
of this and the preceding muscle will he considered in connection 
with the muscles of the sole of the foot, 

M. IHUalis posticus . — This muscle is a slender muscle which 
takes origin from the medial aspect ot the upper third of 
the fibula, reaching up to the head of the bone and the fascia 
^ an< ^ flexor fibularis. At its origin it lies superficial 
to the latter muscle. The belly is about 10 mm. leng only, 
ending in a long tendon which is much smaller than that of 
flexor tibialis. The tendons of these two muscles pass through 
a fibrous pulley attached to a tubercle projecting from the 


Text-figure 59. 



Tie long flexor tendon* of the (sole of the Foot and 
the Plantar Sesamoid. (X8.) 

medial side of the tibia 3 mm, above the tip of the medial 
malleolus. Tibialis posticus is inserted on the plantar aspect 
of the scaphoid bone of the tarsus. 

No Rotator fibula or anything corresponding to a tibio- 
fibularis was detected. 

if. Flexor brevis digitorum . — This muscle is well developed 
and shows a generalised condition. 'It supplies four tendons 
to the four outer digits, and each of these tendons has two 
heads of origin, one from the lower surface of the sesamoid 
bone developed in the long flexor tendons and the proximal 
ends of the flexoiK tendons emerging from the anterior margin 
of the sesamoid, and one from the tuberosity of the os calcds 
either by direct muscular attachment or indirectly through the 
plantar fascia. . While the large superficial head supplying 
the 5th digit is derived mainly from the deep aspect of the 
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plantar fascia, the superficial heads supplying the other three 
digits are derived from fieshy fibres which gain direct attach- 
ment to the os calcis, the three tendons being formed on the 
dorsal surface of this muscle-mass. This muscle is therefore 
similar to that of Tapani , but is better developed in that 
each tendon has two well-formed heads of origin. The common 
tendons behave in the usual way, splitting over the proximal 



The musculature of the Sole of the Foot. (X 3.) 

Fl.Fib. Flexor fibularis. Plant. FliinUris. Fl.Tib. Flexor tibialis. Tib.poit . 

Tibialis posticus. Abd.Met.6. Abductor metacarpi digiti quinti. Fl.Br.D . 
Flexor brevis digitorum Abd.Hal. Abductor hallucis. Fl.Br.JSal. Flexor 
brevis hallucis* AbdMin.D . Abductor minimi digiti* 


phalanges to allow the deep flexor tendons to pass through, 
and gaining insertion into the middle phalanges. 

It may be noted here that the plantar fascia is thin and 
inconspicuous except for a thickened strand by which it is 
attached to the base of the fifth metatarsal. 

Abductor hallucis is a thin pale muscle, rising from the 
plantar fascia, the ossicle on the infero-mesial aspect of the 
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internal cuneiform, and by a few fibres from the sheath of 
the deep flexor tendons. It is inserted into the medial side 
of the base of the proximal phalanx of the hallux. 

M . Abductor minimi digiti is well developed and rises from 
the inferior aspect and lateral margin of the tuberosity of the 
os calcis. It ends in a strong tendon which is inserted into 
the lateral side of the base of the proximal phalanx of the 
little toe. 

M . Abductor ossis metatarsi quinti . — This is also a bulky muscle, 
taking origin from the tuberosity and the lateral surface of 
the posterior part of the os calcis. Inserted into the lateral 
side of the base of the fifth metatarsal bone. 

M. Flexor brevis hallucis rises by two heads, the medial from 
the base of the fiist metatarsal, the internal cuneiform, and 
by a tendinous slip from the under surface of the anterior 
part of the os calcis, and the lateral from the base of the 
first metatarsal only. Each head is inserted into its own side 
of the base of the proximal phalanx. 

M. Jtlexor brevis minimi digiti is a large muscle which rises from 
the sheath of the peroneus iongus tendon by a strong attach- 
ment and from the greater part of the length of the lower 
surface of the 5th metatarsal. It is inserted into both sides 
of the proximal phalanx of the 5th digit. 

The deep flexor tendons . — Immediately after passing into the 
sole of the foot the tendon of the flexor tibialis shows a 
well-marked thickening. This tendon, with that of flexor 
fibularis, ends in a bony plaque, formed as an ossification in 
the fused flexor tendon mass. This plaque is oval in shape, 
about 4 mm. long by 2 mm. broad. The long flexor tendons 
are inserted into the upper aspect of the posterior part of the 
lateral margin, the tendon of the flexor tibialis lying posterior 
at its attachment. From the anterior convex margin of the 
ossicle spring the five tendons for the toes. It is thus not 
possible to determine from which long, flexor muscle each flexor 
tendon to the toes is derived. This plantar sesamoid is identical 
with that found in Tupaia by myself (6) and in the Dasypodidse 
by Windle and Parsons (25). Similar sesamoids are reported 
in Notoryctes by Thompson and HilHer (30) and in Ccenolestes 
by Osgood (24). 

Jf, Accessorius . — This is well developed and rises by a tendinous 
origin from the peroneal tubercle on the lateral aspect of the 
os calcis. It is inserted by a tendon into the postero-mediai 
angle of the plantar sesamoid, passing below the long flexor 
tendons to reach this. 

M. Contrahent **. — These are three in number. The first 
rises from the bases of the 2nd and 3rd metatarsals and the 
sheath of peroneus Iongus tendon, and is inserted into the lateral 
side of the base of the proximal phalanx of the hallux. The 
other two rise from a tendinous raphe between them which 
extends distall y almost to the level of the metatarsophalangeal 
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joints, from the fascia covering the subjacent flexor breves 
digitorum muscles, and, to a slight extent, from the sheath of 
peroneus longus. The medial of these two is inserted into the 
lateral side of the proximal phalanx of the 2nd digit, and 
the lateral into the medial side of the base of the proximal 
phalanx of the 5th digit. 

M. Lumbri cults. — These are four in number and rise in the 
usual way from the deep flexor tendons. Each rises from two 
tendons with the exception of the fourth, which is attached 
to the lateral side of the tendon to the 4th digit only. The 
lumbricals wind round the medial side of their respective digits 
to reach the dorsal expansions of the extensor tendons. 

M. flexor breves profundi. — Including those of the 1st and 
5th digits already described, each toe possesses a pair of short 
flexors. Each pair rises from the base of the corresponding 
metatarsal, from a raphe which extends along the plantar aspect 
of the metatarsal, and from the interm usclar septa between the 
muscles, and is inserted into either side of the base of the 
proximal phalanx. Apart from these short flexors, there are 
no interossei. 

Vertelrral M ascalature. 

M. terrains posticus . — This muscle-sheet could not. be dis- 
tinctly separated into superior and inferior portions. It is 
inserted into all the ribs with the exception of the first., its fibres 
all running laterally and slightly caudally to be attached to the 
lateral surface of the ribs about 9 mm. from the mid-line. Owing 
to the breadth of the ribs, the serrations are not well defined. 

M. lliocostalis. — This element of the erector spime mass is not 
well differentiated from the adjacent muscles. Its takes origin 
from the crest and posterior part of the medial surface of the 
ilium, and forms a bulky muscle which is inserted into the angles 
of the lower 4 or 5 ribs. It is succeeded above by a series 
of muscle- strips corresponding to the accessorius ami cervicalis 
ascendens of human anatomy, which are attached to the angles of 
all the ribs and the transverse processes of the lower cervical 
vertebra 1 . 

M. Longissimus dorsi emerges from the main mass of the 
sacrolumbalis, through which it gains attachment to the iliac 
crest, the sacrum, and the lower lumbar vertebrae. Its superficial 
fibres are inserted into the ribs laterally, and the spinous processes 
of the lumbar and lower thoracic vertebrae medially. Its deep 
fibres are attached by strong tendons to the transverse processes 
of the thoracic vertebrae. On the medial side of this muscle are 
some strong vertical tendons which rise from the metapophyses 
of the last three or four thoracic vertebrae and run up to the 
level of the 4th, Sth, and 6th vertebrae. They give off fleshy 
fibres in a bipenniform manner which are attached laterally to 
the transverse processes and medially to the spines of the vertebr©. 
The medial fibres are continued upwards as a well-developed 
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semispinaJis colli. Below the 13th vertebra, situated in the 
same relative position, are to be found a series of strong tendons 
which are attached above to the lower border of the laminae 
(immediately lateral to the mid-line) of the last two thoracic and 
the upper lumbar vertebrae. These tendons also give off fibres in 
a bipermiform manner which are directed caudal ly and are 
inserted into the spines and transverse processes of the lumbar 
and sacral vertebra?. 

The Multijidus , represented by short deshy fibres passing from 
transverse processes to spines, is found in the lower region of the 
spine and is not very prominently developed. 

Semispinalis dor&i is represented by a continuous series of short 
fusiform muscles passing between the transverse processes and 
spines of adjacent vertebrae. No long intersegmental fasciculi of 
this muscle are present. 

Spinalis dorsi , consisting of fibres passing between spines over 
more than one vertebra, is absent. 

Levatores costarum. — These small muscles are well developed. 
They rise from the tranverse processes of the thoracic vertebrae, 
where they blend with the medial deep attachments of longissimus 
dorsi, and are inserted into the broad outer surfaces of the ribs 
close to the costo-transverse articulations. 

Interspinales are present throughout the length of the vertebral 
column down to the sacrum. 

Ferineal and Caudal Musculature, 

Fubococcygeus . — This forms a thin fleshy triangular muscle 
which takes origin from the posterior surface of the body and the 
cephalic ramus of the pubis, extending back to the iliopubic 
junction. Its origin is 7 mm. in length, and it is here separated 
from the ilioeoccygeus by a conspicuous gap through which passes 
the obturator nerve. The muscle is inserted at the mid-line into 
the aponeurosis covering the ventral caudal muscles opposite the 
1st and 2nd caudal vertebrae. 

Ilioeoccygeus takes origin from the medial aspect of the ilium 
close to the anterior margin and extends up almost to the 
sacroiliac articulation. It forms three well -developed tendons 
which are inserted into the chevron bones corresponding to the 
2nd, 3rd, and 4th caudal vertebrae, intermingling with the tendons 
of the sacrococcygeus. 

l8chiococcygeus lies in a more dorsal plane. It is quite well 
developed, consisting of short muscular fibres which rise from 
the medial aspect of the ischium and are inserted into the trans- 
verse processes of the last sacral and the first two caudal 
vertebrae. 

The External Sphincter Am is a thick muscle which gains & 
strong attachment anteriorly to the ventral aspect of the bulb of 
the penis. 

The Ischiocamrn oeus is likewise powerfully developed, forming 
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a hemispherical mass of muscle rising from the distal border of 
the middle part of the ischiopubic ramus and wrapping round 
the corpus caver nosum, to the surface of which it is strongly 
attached. 

Bulbocavernosus . — This muscle is very feebly developed, con- 
sisting of a few fibres which appear to be prolonged from the 
external anal sphincter on to the perineal surface of the bulb 6f 
the penis. 

Levator penis . — This is a well-defined fusiform muscle attached 
above to the lower border of the symphysis pubis and below by a 
tendinous insertion to the abdominal surface of the penis in the 
in id -line. 

Sacrococcygens forms a bulky muscle imperfectly divided into 
a lateral and medial part, the lat ter constituting the infracoccygeus 
muscle. It rises from the transverse processes and the lateral 
side of the ventral aspect of the bodies of the last lumbar, all the 
sacral, and the first three or four caudal vertebra?. It terminates 
in a, series of long slender tendons which run along the ventral 
aspect of the tail and gain insertion into the ventral aspect of the 
caudal vertebia* and chevron bones. 

Abductor caw! '/r extern us % which is indistinctly separable from 
the following muscle, takes origin very largely from the lumho- 
doisal fascia, and also to a slight extent from the dorsal part of 
the iliac crest. It runs down to the transverse processes of the 
caudal vertebra'. 

Extensor candor lateralis is a downward continuation of the 
longissimus dorsi muscle, ft rises from the transverse processes 
and lamina* of the lower three lumbar, the sacral and the upper 
caudal vertebra?, and ends in fine tendons which are inserted into 
the transverse processes of the caudal vertebrae. 

Midtifichts candor is a continuation of the multifidus spina 4 
into the base of the tail, but it is soon replaced by short inter- 
vertebral muscles. 

Of the short intervertebral muscles of the tail, three sets can 
he readily distinguished — fibres passing between the chevron 
bones, those linking up the transverse processes of adjacent 
vertebra?, intertransversarii , and interspinales attached to the 
dorsal aspect of the vertebra 4 . 

The Diaphragm (text-fig. 41). — This muscle has the usual 
origin from 

(а) The xiphoid cartilage, by two slips which are relatively 

large, being attached to the posterior surface and the 
lateral margins of the cartilage. 

(б) The lower 6 costal cartilages. 

(c) The arcuate ligaments which are not divisible into medial 
and lateral, but form on either side a uniform fibrous 
arch extending from the crus of the diaphragm to the 
last rib. 
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(d) The Crura. The two crura are separated by the aorta, 
which passes between them, lying well to the left of the 
mid-line . The right crus is much larger than the left 
and in its origin extends down to the upper end of the 
3rd lumbar vertebra, whereas the left crus extends 
down to the middle of the 2nd. The right crus is split 
down the mid-line by a well-marked opening for the 
oesophagus, which reaches up to within 3 nun. of the 
central tendon. 

The central tendon resembles closely the structure in Tupaia. 
It is trilobed, the central lobe being roughly square and large, 
and the lateral lobes small and attenuated. The perforation for 
the vena cava lies at the junction of the right lateral and central 
lobes as usual. The sympathetic chain passes beneath the arouate 
ligament from the thorax into the abdominal cavity. 

Transversalis thoracis . — This is a feeble, muscle which takes 
origin from the deep aspect of the sternum and is inserted into 
the 3rd to 8th costal cartilages inclusive. The lower fasciculi are 
better developed than the rest of the muscle and run lateralwards 
from the last sternebra to the 8th costal cartilage. 

Psoas minor is well developed. Above it is incompletely 
separated from psoas major, and so its precise origin is difficult 
to define. It rises mainly from the lower half of the lateral 
surface of the body of the last dorsal vertebia and the inter- 
vertebral disc below, and from the fascial covering of the psoas 
major. It Ls inserted by a strong flattened tendon 3 mm. broad 
into the pubic crest close to the symphysis. 

Psoas major . — This muscle rises by fleshy fibres from the sides 
of the bodies and the bases of the transverse processes of the 
2nd to the 5th lumbar vertebrae inclusive, as well as from the 
upper half of the body of the 1st sacral vertebra. It is inserted 
with ihacus into the lesser trochanter of the femur. 

Jliacus . — This muscle, powerfully developed, consists of two 
separate parts, a lateral and medial. The medial rises, as usual, 
from the whole of the iliac fossa, and is about twice the si:&e of the 
lateral or vertebral head. The latter takes origin by fleshy 
fibres from the transverse processes of all the lumbar vertebrae 
deep to the origin of the psoas major, and from the surface of 
quadratus lumborum lying deep. The muscle is separated from 
the psoas major by the femoral nerve and other branches of the 
lumbar plexus. The two parts of the iliacus muscle are readily 
separable from each other almost down to their insertion. 

Quadratus lumborum . — This is also a strongly-developed 
muscle. It has a strong tendinous origin from the whole of the 
iliac crest, and these fibres gain insertion into the transverse 
processes of the lumbar vertebrae. Other fasciculi rise from the 
lumbar transverse processes, and are inserted into the lateral 
aspect of the bodies of the upper lumbar and lower thoracic 
vertebra as high as the 9th thoracic. 
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The Intercostal muscles are disposed in the usual manner, the 
external intercostals being replaced anteriorly at the lateral 
extremity of the sternal ribs by the anterior intercostal mem- 
brane. 

Subcostal muscles are not present. 

The Abdominal Musculature . 

M. Rectus Abdominis . — This is a continuous narrow muscular 
band which is 65 mm. in length and averages about 5 mm. in 
breadth. It is attached below to the length of the pubic crest, 
and above is mainly inserted into the anterior half of the first 

Text-figure 61. 



Musculature of the Abdominal Wall. (X l£.) 

Mx.O. External oblique. Rect.Abd. Rectus abdominis. Int.O, Internal oblique. 
Ext. Cut, N. Lateral cutaneous nerve. 

rib. A few fibres from its medial margin, however, gain attach- 
ment to the 2nd, 3rd, and 4th sternal ribs, and there is also a 
very slight attachment to the 8th, 9th, and 10th cartilages. On 
close scrutiny of the muscle with a dissecting microscope, the 
rudiments of two intersections were noted, one close to the 
xiphisternum, and one a little caudal to this. 
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J/l PyramidaUs is apparently nut Jiilbi euuated, fur tins muscle 
could not be defined in any of the four specimen* examined. 

if. Obliquus externus is an extensive sheet of muscle rising by 
a series of dictations from the lower 10 ribs and very slightly 
from the lumbodorsal fascia. It appears to gain a feeble attach- 
ment to the ventral part of the iliac crest, and is mainly inserted 
into the inguinal ligament, to the anterior end of the symphysis 
pubis, and into the linea alba. The muscle continues fleshy right 
to the mid-line except at its cephalic extremity, where it forms a 
small patch of aponeurosis covering the rectus muscle. A minute 
inspection of the surface of the muscle showed what appeared to 
be traces of two tendinous intersections similar to those which 
are so well developed in Tupaia ferruginea . One of these is 
situated close to the subcostal margin and one midway between 
this and the inguinal ligament. 

M. Obliquus interims . — Origin from the whole length of the 
inguinal ligament, the tip of the iliac crest, and the lumbodorsal 
fascia. It is inserted into the last, three costal cartilages and by 


Text-figure 62. 


Skin 



Abd.Hum 
Ext Obi 
HntObl 
Transvers 


Transverse section passing through the lateral margin of the rectus sheath in the 
middle of the anterior half of the xiphipubic line to illustrate the disposition 
of the aponeurosis of the internal oblique in relation to the rectus abdominis. 
(X 16 .) 


an aponeurotic expansion into tbe linea alba. The junction of 
the muscular sheet and the aponeurosis forms an oblique line 
running from the subcostal margin caudally and medially to 
reach the mid-line a few millimetres above the symphysis pubis, 
as is shown in text-fig. 61. Tbe transversalis thus appears 
to view behind the thin aponeurosis lateral to the rectus muscle in 
its cephalic half. The aponeurosis of the internal oblique at the 
lateral margin of the rectus is found to split into two laminie, of 
which the posterior is thicker and passes posterior to the rectus, 
while the very attenuated anterior lamina passes to the linea alba 
in front of this muscle. This arrangement holds good down to 
the junction of the third and lower quarter of the abdominal 
course of the rectos, below which level the whole of tbe internal 
oblique and its Aponeurosis passes anterior to the rectus. 
This disposition, found on dissection, was confirmed by the micro- 
scopical examination of transverse sections through the rectus 
sheath (text-fig. 62). 

M, Transversalis, — This sheet takes origin from the last 6 ribs, 
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the lumbodorsal fascia, and the whole length of the inguinal 
ligament. The muscle remains fleshy practically to the mid-line, 
and is better developed anteriorly thau posteriorly. The muscle 
passes behind the rectus except the caudal quarter of the muscle, 
which passes entirely in front, fusing with the internal oblique. 

The Cremaster forms a relatively thick muscular sac lying in 
the scrotal cavity, and, as in Tupaia , is derived from both the 
internal oblique and the transversalis muscles. 

Summary and Discussion. 

In the following pages, attention is drawn to points of interest 
which seem to hear upon the question of the position which 
Ptilocercus bears in relation to Tupaia and to other mammalia, 
especially the Lemuroidea. That this discussion is by no means 
exhaustive will be quite apparent. It will, however, serve the 
useful purpose of summarising briefly the anatom atical data 
which have accumulated out of this investigation. 

External Characters. 

The phalangor-liKe appearance of the general form of Ptilo- 
cercus which was noted by Gray (11) in his original description 
of the animal, receives an additional interest in view of the 
number of metatheroid features which its anatomy presents. 
The somewhat large size of the head and the well-developed eyes 
are to be noted. The ears stand in marked contrast to those of 
the genus Tupaia . Not only are they conspicuous in size, but 
they exhibit an interesting feature in the development of the 
antitragus into a flap-like process. This bears a very remarkable 
resemblance to similar formations found among the Cheiroptera. 
It may also be observed that an analogous process is formed in 
Tarsius from the plica principalis (35). The condition would 
appear to indicate considerable auditory acuity. The mnnusand 
pes can only be described as generalised, the palmar and plantar 
pads being arranged in the simplest and most primitive manner. 
The thenar and first interdigital pads of the foot, which in 
Tupaia are fused together, remain perfectly distinct in Ptilo- 
cercus . The extent of divergence of the hallux and pollex 
appears to he marked. Evidence of this is further derived from 
an examination of photographs of the living animal (PI. I.) and 
from the features of the skeletal parts. 

The arrangement of hairs on the tail in groups of three pro- 
jecting from beneath each epidermal scale is extremely primitive. 
Such a condition is also found, though not with such diagrammatic 
simplicity, in the tails of some other mammals such as Macro- 
scelides. There is no evidence that the tail of Ptilocercus is in 
any way prehensile. 

The vibrissse are well developed on the face, and the presence 
of carpal and calcaneal vibrissie should be noted for comparison 
with the lipotyphlous insectivores. 

Proc. Zool. Soc.— 1926, No. LXXXIY. 
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The Skeleton. 

The Skull . — The significance of many of the features of the 
skull of Tupaia and PtUocerous have already been discussed by 
Gregory (13). A general view of the skull of Ptilocercus shows 
it to be an evenly-proportioned structure with a moderately- 
developed brain-case, a tendency to reduction of the olfactory 
regions, and an absence of any conspicuous specialised modifica- 
tions. The form of the mandible, the zygomatic and temporal 
regions indicate a relatively strong development of the masti- 
catory muscles. The study of the skull may perhaps best be 
summarised by considering separately those features which are 
primitive or metatheroid and those which can be denoted as 
lemurine. At the same time, points of contrast with Tupaia 
may be noted. 

1. Primitive Features. 

{a) The premaxilla is relatively small, though it sends up a 
fine process which articulates with the frontal. 

(b) The malar is extensive, reaching forward to come into 

contact with the lachrymal and back to the glenoid 
fossa. The backward extension may be regarded as 
metatheroid. 

(c) The lachrymal extends on to the face, though not to a 

very marked degree. The lachrymal foramen is 
situated on the orbital margin. 

{d) Exposure of the os petrosum on the base of the skull 
and of the mastoid on the lateral aspect. 

(e) The tympanic bone preserves its simple annular form. 

</) The alisphenoid provides a well-marked tympanic wing 
which is hollowed out on its inferior aspect and forms 
a relatively large part of the roof of the tympanic 
cavity. This makes an interesting comparison with 
Tupaia , in which, although the bulla is relatively 
much larger and bulges further forward, the tympanic 
wing of the alisphenoid is much smaller. 

{ g ) A small alisphenoid canal is present. 

( h ) The sphenoidal fissure and foramen rotundum are 

confluent. 

(i) The cavity of the bulla is devoid of any but rudimentary 

septa. 

(j) In its passage through the tympanic cavity the stapedial 

artery gives off a small ramus inferior. 

(k) The basibccipital is short and wide. 

(l) The palate is thinly ossified, but, unlike Tupaia t there 

are no palatal fenestra. It is probable, however, that 
the fenestra in Tupaia are to be regarded as secondary 
formations and not as primitive features. 
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2. Lemur me Features . 

(a) The bony orbital margin is complete, a well-marked 

postorbita! process of the frontal articulating with the 
frontal process of the malar. 

(b) The malar is pierced by a foramen (sometimes double) 

for the passage of a branch of the zygomatic branch 
of the maxillary division of the 5th nerve. 

(c) The plane of the orbital aperture is rotated forwards to 

an extent which brings it intermediate between that 
of Tupaia and that of Lemur. This, however, is 
undoubtedly correlated with the powerful development 
of the temporal muscle. 

(d) There is no supraorbital foramen. Herein Ptilocercue 

contrasts with Tupaia . The absence of this foramen 
is clearly associated with the rotation of the orbital 
aperture mentioned above. 

( e ) The olfactory regions of the skull are generally reduced. 

The ectoturbinals are reduced to two as in Lemur and 
Tupaia (27) and in contrast with the Lipotyphla. 

(f) The disposition of the cranial foramina (with the excep- 

tion of the alisphenoid canal and the confluence of the 
sphenoidal fissure and the foramen rotundum) is 
similar to that found in Lemurs. In Tupaia , it may 
he noted, the sphenoidal fissure and the foramen 
rotundum are quite separate. 

(g) The construction of the orbitotemporal region is essen- 

tial^ similar to the lemurine condition and differs 
from that of the lipotyphlous insectivora. In the 
latter the orbital surface of the maxilla is relatively 
large and has a wide articulation with the orbital 
plate of the frontal. The orbital plate of the palatine, 
which is very reduced in these forms, is thus excluded 
from contact with the lachrymal. In Lemur (33), 
Ptilocercue , and Tupaia , on the contrary, the orbital 
plate of the palatine is extensive, and reaches forward 
to the lachrymal, separating the frontal and maxilla, 
which nowhere articulate in the orbital cavity. 

(h) The whole construction of the bulla from an ento- 

tym panic element, with the annulus tympanicus lying 
free inside, is identical with the lemurine condition, 
and is paralleled nowhere else among the Mammalia. 
In the course and arrangement of the arteries in the 
tympanic cavity, Ptilocercue also shows lemurine 
affinities. In view of the fact that the entocarotid is 
relatively large and a ramus inferior is given oft* by 
the arteria stapedia, Ptilocercue appears to be less 
closely related to the Lemuridae than is Tupaia . In 
the latter the entocarotoid is markedly diminished 
and the ramus inferior is absent (8). 


84 * 
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(i) The ossicula audifcus bear close resemblances to those 

of Lemur and contrast strongly with those of the 
Lipotyphla. 

(j) The posterior clinoid processes are conspicuously 

developed. 

(&) There is an incipient partial flexion of the face on the 
basicranial axis. 

The Olfactory Cavity. 

The ethmoturbinal system is of a simple character, and corre- 
sponds to the type which has been described by Paulli (27) for 
the Insectivora and Lemuroidea. That is to say, there are four 
endoturbinals, including the nasoturbinal, and the second 
possesses two olfactory scrolls. The ectoturbinals are reduced to 
two, and here Ptilocercus agi ees with Tupaia and contrasts with 
the Lipotyphla, in which the usual number is three. In the 
structure of Jacobson’s organ, Ptilocercus corresponds closely to 
Tupaia (3). It shows affinity with marsupials, and differs 
strongly from the lipotyphlous insectivores in the shape of 
Jacobson’s cartilage, in the presence of an outer bar of this 
cartilage, in the large size of the palatal papilla and the papillary 
cartilage, in the absence of a prolonged nasopalatine duct, etc. 
The presence of a posterior nasal floor cartilage is also to be 
regarded as a primitive feature. 

The Dentition . 

In this summary of the significant features of the dentition of 
Ptilocercus , I have made free use of the work of Gregory (13) (17), 
which I here acknowledge. The dental formula corresponds to 
that of Tupaia , and with the exception of the loss of the third 
upper incisor and the first premolars, is remarkably primitive. 
Compared with Tupaia , the upper incisors are enlarged. The 
second incisor has a posterior basal cusp, and its root is broad 
and is divided into anterior and posterior parts by a shallow 
vertical groove on its lateral aspect. The upper canine in 
Ptilocercus is double-rooted. The significance of this condition 
is perhaps not definitely decided, but there appears to be con- 
siderable evidence that a premolariform canine with two roots is 
to be regarded as a primitive mammalian feature. Osgood, on 
page 135 of his monograph on Ccendestes ( 24), concludes; “On 
the whole, it appears that double-rooted, groove-rooted, or pre- 
molariform canines are found al most exclusively among forms 
exhibiting various primitive characters/’ The anterior two 
premolars are ^nailer in Ptilocercus than in Tupaia. The last 
upper premolar ltnd the upper molars of Ptilocercus differ from 
those of Tupaia in having less pointed and lower cusps, in the 
absence of a mesostyle (which is bifid in Tupaia), in the better- 
developed hypocone, and in the presence of an internal cingulum. 
The procumbeney Of the lower incisors and the primitive' 
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iritubercular pattern of the lower molars should be noted. 
Gregory notes that Ptilocercus shows a greater tendency to 
diprotodonty ; that, in regard to the incisors, it approaches the 
primitive Zalambdodont, Microgale more closely than does 
Tupaia ; that in the greater reduction of the anterior two 
premolars it parallels the Shrews, Myogale , and other insecti- 
vores with enlarged anterior incisors; and that the molars 
indicate more omnivorous adaptations. lie concludes as 
follows : — “ la brief, the dentit ion of Ptilocercus has departed 
from the primitive lnseetivore type, as represented in let ops, in 
a tendency towards diprotodonty, reduction of the premolars, 
and omnivorous adaptation of the molars. The dentition of 
Tupaia has avoided these tendencies, but lias emphasised the 
insectivorous features, such as enlarged styles, sharply-pointed 
cusps, etc., and a large and more or less divided mesostyle.'’ 
He also concludes (14) that Ptilocercus is somewhat more lemur* 
like than Tupaia in its dentition. 

The Bones of the Forelimb . — The well-developed clavicle shows 
no signs ot a 1 eduction. The scapula, as Gregory lias noted (14), 
is broader than that of Tupaia. This author lias also studied 
the humerus of Ptilocercus in relation to Xotharctus ( 17). He 
remarks: — “The humerus of the existing Ptilocercus might 
readily be derived from the Nothodectes type by the lengthening 
of the shaft, and slight reduction of the supinator crest. The 
Ptilocercus still retains much that is reminiscent of a Nothodectes - 
like type, but in Tupaia the crests are further reduced.” 

The conspicuous entepicondylar foramen and the prominent 
-enfcepicondyle are probably primitive featmes, but the articular 
surfaces at the distal extremity of the humeius exhibit some 
interesting primate characters such as the distinct separation of 
the cnpitellum from the trochlea by the formation of a low 
external lip on the latter. The radius and ulna are completely 
separate, though there is a tendency for ossification to extend 
from the interosseous borders of these hones into the inter- 
osseous membrane. In this connection, Carlsson (4) records a 
specimen of "Tupaia javanica in which the radius and ulna were 
bound together by a bony interosseous membrane. So far as 
can be ascertained from preserved specimens, the forearm of 
Ptilocercus is capable of a limited degree of supination. 

The carpus contains a free os central© such as is found in 
Lemurs but not in all Lipotyphla. The lunate shows a well- 
marked facet for articulation with the os magnum. Gregory (13) 
and Carlsson (4) note that the scaphoid and lunate are fused 
together in Tupaia . It is therefore interesting to note that in 
Ptilocercus these bones are completely separate, a condition 
which is at the same time more generalised and more lem urine. 
The form of the carpo-metacarpal joint of the pollex bears 
witness to the freedom of movement of which this digit is 
•capable. 
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The Bones of the Hi ndlmb.—The ilivm is more primitive then 
in Tupaia in its simple rod-like form, though r tendency to the 
spatulate form is shown in a slight hoi lowing- out of the lateral 
surface. The pectineal tubercle is of moderate size, and the 
pubic symphysis contrasts strongly with this joint in Tupaia in 
its shortness. It is instructive to note that Wood- Jones (32) 
some years ago anticipated a reduction of the symphysis in 
comparison with that of Tupaia , from a consideration of the 
more thoroughly arboreal mode of life of Ptilocercus . The femur 
has a straight shaft and a prominent lesser trochanter. The 
great trochanter does not project up quite as far as is the case 
iti Tupaia . The patellar surface is relatively broad and shallow. 
The tibia and fibula are quite separate, the upper extremity of 
the latter showing an expansion which suggests the marsupial 
condition. Both malleoli are well developed. In the tarsus 
the astragalus is essentially similar to that of Tupaia , the 
remarkable resemblances of which to that of Lemur has already 
been discussed by previous authors. In Ptilocercus there is even 
a closer resemblance in that the astragalus does not articulate 
with the cuboid as it does in Tupaia (4). The entoeuneiforrn is 
large, and shows an oblique SRddle-shaped facet for the meta- 
tarsal of the hallux. There is no articulation between the 
mesocuneiform and the first metatarsal. The metatarsal and 
proximal phalanx of the hallux are stoutly built in comparison 
with the other metatarsals and phalanges, an indication of the 
independence of this digit. 

The Central Nervous System. 

The features of the brain are such as might well he postulated 
for a primitive form of Tujxiia, for, in most respects, the bran* 
of Ptilocercus occupies a position which is intermediate between 
the brain of an Erinaceid type and that of Tupaia minor (7). 
Compared with the latter, the brain of Ptilocercus shows the 
following features : — The olfactory bulbs, olfactory tubercle, 
piriform lobe, and dentate gyrus are relatively larger. The optic 
nerves and tracts are smaller, the lateral geniculate body is less 
conspicuous and more simple in structure, the anterior colliculus 
is not so prominent, and the posterior colliculus is relatively 
larger. The medial geniculate body is well developed. Hections 
indicate, also, that in Ptilocercus the corpus callosum is more 
attenuated and the fornix system more predominant. The 
neopallimn is distinctly more primitive. The frontal region is 
constricted, and the temporal lobe of the neopallial cortex is only 
faintly indicated by a slight curve downwards of the ectorhinal 
fissure. The only Suggestion of a neopallial sulcus is the faint 
calcarine Impression, and no incipient cortical foldings can be 
detected by microscopical study. In Tupaia r on the contrary, 
there is every indication of progressive cortical expansion. The 
frontal lobes in the brain of this animal are tilled out, and the 
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temporal lobes are so well developed that only a narrow margin 
of the piriform lobe is visible from a lateral view. The in- 
rolling of the cortex on the dorsal surface of the corpus callosum 
is quite absent in IHilocercus. The calcarine sulcus is distinct, 
and there are several sulci to be seen microscopically in the 
cortex of Tupaia, These microscopical sulci usually do not 
involve tiie surface of the cortex or contain a reduplication of 
pia mater, but there can be no doubt that they represent early 
stages in the formation of true cortical sulci, Similar appear- 
ances have been noted by Wool lard in the brain of Tarsius (36). 

Several of the features of the cortical lamination pattern are 
vary instructive. It may be noticed, for instance, that m Ptilo- 
cercu8 the cingular areas occupy a broad band of cortex on the 
mesial surface of the cerebral hemisphere, stretching from the 
corpus callosum almost to the dorsomedial border, whereas, in 
Tupaia , they are constricted and partly buried from the surface 
by the expansion of neighbouring neopallial areas. It is in the 
details of the striate area, however, that there is to be found one 
of the most striking contrasts between Ptilocercus and J npaia. 
In the latter the differentiation of this cortical type is remark- 
able, so that the extent of the area can be mapped out with 
great precision. I have elsewhere (7) described in some detail 
the unique distribution of this area in Tupaia , in which it 
extends downwards ami forwards to the caudal extremity of the 
corpus callosum and is here even partly buried from the surface. 
In Ptilocercus the striate cortex is of a very simple type, shows 
very few distinctive features by which it can be differentiated 
from neighbouring areas, and occupies a much smaller extent of 
the occipital lobe. 

The cerebellum is not quite so elaborated as in Tupaia . 

On the whole, then, it may he said that, compared with Tupaia , 
the brain of Ptilocercus is more simple, shows a better develop- 
ment of the olfactory and the auditory regions, and a much 
more primitive condition of those parts of the brain associated 
with the sense of vision. 

Also, relative to the body-weight, the weight of the brain as a 
whole is considerably less. 

The Cardiovascular System. 

The characters of the heart call for no remark. It exhibits 
the generalised mammalian condition. The presence of a short 
brachiocephalic trunk on the left side corresponds to the usual 
condition found in Tupaia . There is some variation in this 
feature, however, for in one specimen of Tupaia minor I found 
the left common cartoid and subclavian arteries arising separately 
from the aortic arcii. The absence of a common iliac artery may 
be regarded as a primitive feature. The significance of the 
details of the course of the vessels within the tympanic cavity 
are dealt with in connection with the skull. 
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The general arrangement of the arteries of the anterior 
extremity, in which the main artery in the brachium is repre- 
sented by the art. brachialis superficialis, the brachial artery 
proper forming a relatively small vessel which accompanies the 
median nerve through the entepicondylar foramen, corresponds 
to the condition found in Lemur cutta (Manners Smith). In 
the posterior extremity the arteria saphena is well developed. 
Manners Smith, in his monograph on “The Limb Arteries of 
Primates ” (22). makes the statement that this vessel “ lies on the 
m. sartorius in the lower mammals ; in the higher the artery is 
covered by the muscle.” It is interesting to note, therefore, 
that in Ptilocercus the artery is covered by the sartorius until it 
emerges from beneath the medial border of the muscle. 

The termination of the external jugular veip by forming & 
venous ring encircling the clavicle is worthy of remark, for this 
is clearly a condition which is capable of giving rise to either of 
the two common modes of ending of this vein, into the sub- 
clavian or into the axillary vein. The double precaval reins are 
to be found generally in animals of a primitive kind. The 
presence of a single verm azygos on the left side may have a 
different significance. Beridard, in his paper on “ The Azygos 
Veins in the Mammalia” (2), notes that a single left azygos vein 
is found in many marsupials. He writes (p. 219) : “ Emphasizing 
the gap which separates the Marsupials from most of the higher 
mammals, it is noteworthy that in them (i. e. the Marsupials) it 
is the left azygos which is apt to be predominant, and not the 
right vessel.” And again (p. 207) : “ My own observations 
confirm Dr. McClure when he remarks that a right azygos is 
characteristic of the genus Macropus^ and that a left azygos 
is characteristic of the Ph a] augends?.” This statement has 
especial interest in the present connection, when the metatheroid 
features to be found in the Tupaiid® and the general phal anger- 
like appearance of the Pen-tailed Tree- Shrew are taken into 
account. The force of the implication, however, is somewhat 
diminished by Beddard’s note that a left vena azygos is to be 
found in certain Rodents and Artiodactyles. 

The Digestive System. 

The Tongue,-~ In the presence of a definite sublingua, Ptilo - 
serous shows a resemblance both to the Marsupials and the 
Lemurs. This structure is, however, much more primitive in 
form than it is in Tupaia, as can be readily seen by reference to 
Carlsson’s figures on p. 260 of her paper ( 4 ). In Ptilocereus , the 
sublingua is not so free and it has no lytta. The greater freedom 
and the presence of a sublingual lytta (which, however, contains wo 
cartilage ofr muscular support) in Tupaia would appear to indi- 
cate a greater approximation to the lemurine condition. The 
lytta of the tongue is well developed, seemingly rather better so 
than in Titpaitt. This condition is to be regarded as primitive, 
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and in the Lemurs the lytta exhibits a strong tendency to 
disappear. In Tm'sius it is absent altogether. It is interesting 
to note that the tongue of Ptilocercus (and 7 itpaia) possesses all 
the essential characteristics which Sonnt&g (28) regarded as dis- 
tinctive of the prosimian tongue. In addition, the accumulation 
of fungiform papilla* nt the apex of the tongue of Ptilocercus 
bears witness to the development here of a special sensitivity 
such as Sonntag lias already noted in the evolutionary develop- 
ment of the primate tongue. It should be remarked that 
Sountag’s statement is certainly incorrect that the fienal lamella 
is absent in Tupaia and that the lytta in the tongue of Tupaia 
is double. 

The gastrointestinal tract is remarkable for its simplicity. 
The stomach is free from any elaboration, the duodenum, 
suspended by a mesentery, is pushed over to the right side and 
hidden from view by the irregular coils of the small intestine, 
and the whole of the pendent loop of the gut is formed from 
Meckel's tract attached to the posterior abdominal wall by the 
simplest form of dorsal mesentery. The colon foims a perfectly 
straight tube in which no differentiation can he detected except 
by reference to the vascular supply. The ciecum is similar in 
appearance to that found in all theTupaiidie except Tupaia tana, 
in which the caecum is said to be absent. A review of Chalmers 
Mitchells work on the intestinal tract of mammals (23) indicates 
that a condition of affairs comparable with that of Ptilocercus is 
only to be found among the Cheiroptera, and an exact parallel 
occurs in Rhinopoma mici'ophyllum . Chalmers Mitchell compares 
the intestinal tract of this animal to that of birds, but he arrives 
at the conclusion that the simple gut pattern of bats has been 
secondarily derived from a 11101*6 complex arrangement. He also 
states that so far “ as evidence is afforded by the gut pattern, 
there is no reason to associate Cheiroptera with Tnsectivores.” 
It follows, therefore, that a similar distinction, on the basis of 
the gut pattern, can be made between the Tupaiidae and the 
Lipotyphla. It may be noted that there is no evidence that 
the simplicity of the intestinal tract of Ptilocercus is a secondary 
acquisition. On the contrary, it provides still further evidence 
of the remarkable prim itiven ess of the animal. In this 
connection, Tupaia shows a slight advance compared with 
Ptilocercus , for in that animal the proximal end of the 
oolon is curved a little to the right, indicating the incipient 
appearance of a transverse colon. A further stage in the 
development of the colic tract is to be found in Tarshts , in 
which a transverse colon has been distinctly developed. 

The Liver of Ptilocercus differs from that of Tupaia (4) in the 
following points : — 

1. The relative sizes of the lobes. In Tupaia the left lobe 
is by far the largest, while in Ptilocercus the lobus 
centralis is the largest and the right lobe the smallest. 
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2. The position of the gall-bladder. in Tupaia this is 

situated at the right margin of the lobus centralis 
immediately adjacent to the right lobe. Carlsson 
points out that a resemblance is here shown to the 
condition found in the Prcsimia?, especially Galago and 
Lemur . In Ptilocercus the gall-bladder is situated in 
the middle of the right central lobule as is the case iu 
the lipotyphlous Insectivora. 

3. The presence of a fissura urabilicalis. This is absent in 

Tupaia , in which the two divisions of the central lobe 
are only indistinctly separated from each other. 

In all these points it is probable that Ptilocercus is more 
generalised and primitive than Tupaia, The latter, on the other 
hand, shows in some ways a closer appioximatiq-nto the lemuiine 
condition. The anal glands may conveniently be referred to in 
this section. They are relatively well developed in Ptilocercus, 
Wood-Jones (32) notes similar glands in Tupaia ferruginea . 
They are present in Tupaia minor , but markedly diminished in 
size. This is undoubtedly correlated with the diminished im- 
portance of the olfactory sense in this animal. 

The Urogenital System, 

In the male genitalia and the accessory sexual glands, Ptrfo- 
cercus offers many points of contrast with Tupaia . in the 
former, the prostate is a compact glandular mass surrounding 
the urethra close to the neck of the bladder and opening by 
numerous ducts. The vas deferens shows a distinct ampulla 
and, before it reaches the urethra, it receives the duet of the 
vesicular diverticulum . The latter would appear to correspond 
to the seminal vesicle of human anatomy. In addition, there is 
a vesicular gland, similar in structure to the vesicular diverticulum 
of the vas, whose duct opens into the urethra close to but 
separately from the orifice of the common ejaculatory duct. 
Kaudern (19) has described in detail the male sexual organs of 
Tupaia javanica , and I have confirmed the accuracy of his 
description from a study of serial sections taken through the 
male urethra of one of my specimens of Tupaia minor. The 
homologies of the different glandular masses are not quite clear. 
A somewhat cursory examination would seem to indicate that 
what Kaudern describes as the prostate gland in Tupaia, a 
tabulated glandular mass opening on either side by a single main 
duct into the urethral canal some distance from the internal 
urinary meatus, really corresponds to what has been termed the 
vesicular gland in Ptilocercus. If this interpretation is correct, 
the prostate in Tupaia is represented only by a few trivial 
tubular glands embedded in the sphincter at the neck of the 
bladder. The question of these homologies is being studied in 
some detail in the laboratories at St. Bartholomew's Hospital by 
my friend Mr. Oapener, and further discussion may therefore be 
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postponed till additional data are available. It is evident, how- 
ever, that the condition in Ptilocercus is of a generalised nature, 
apparently capable of giving rise to the anthropoid or the 
lemuroid arrangement, while Tupaia shows a definite speciali- 
sation. Both Tupaia and Ptilocercus possess a well-developed 
uterus masculinus. The shape and proportions of the penis, and 
its position relative to the symphysis pubis, bear a remarkable 
resemblance to these features in Cheiroptera and many Primates, 
including man. In Tupaia, the proximal and distal parts of the 
urethra are relatively much more elongated and the glans penis 
is long and tapering. These characters are doubtless associated 
with the length of the symphysis pubis in this genus. 

The testicle resembles closely that, of Tupaia in its shape. 
Knudern calls attention to the similarity between the cauda 
epididymis and the seminal reservoir of Talpa and Cheiroptera. 
A striking contrast lies in the fact that in Ptilocercus the 
testicles are not retained permanently in the Muotal cavity as is 
the ca^e in Tupaia. In this connection, therefoie, the former is 
more primitive and less lemur-like than Tupaia . Although in 
the latter the testicles are certainh permanently descended in 
the adult, 1 have always been able to demonstrate a patent but 
constricted channel leading from the saccus vaginalis into the 
peritoneal cavity. The parnpeuial position of the scrotal sac in 
Ptilocercus and Tupaia suggests an intermediate phase between 
the conditions to be found in the Meta therm and Eutheria. 

Myology. 

The facial musculature is relatively well differentiated. This 
differentiation is perhaps further emphasised by the degree of 
complexity of the plexus formed by the facial nerve. The degree 
of development of the auricular musculature, which is in accord- 
ance with the development of the external ear, stands in contrast 
to the condition found in Tupaia , in which the pinna has a 
degenerate, hominoid appearance. The sphincter colli is less con- 
spicuous than in Tupaia. The muscles of mastication show a 
powerful development, both the masseter and temporal muscles 
being readily subdivisible into component parts. In the neck 
region, the muscles exhibit a generalised disposition except that 
scalenus anticus is absent. Herein, Ptilocercus differs from 
Tupaia and approximates to the condition usually found in the 
lipotyphlous insectivores. In the presence of a well-developed 
teres minor and a coracoid head of biceps , however, the animal 
shows agreement with Tupaia and contrasts with the usual con- 
dition in the Lipotyphla. The complexity of triceps and the 
generalised form of coracobrachialis are also to be noted in this 
connection. The absence of a hrachioradialis is a little puzzling. 
This muscle is normally developed in T. minor and T. ferruginea 
( 6 ) as in Lemurs, and in lipotyphlous insectivores it is commonly 
absent. Either this muscle has disappemed in Ptilocercus or it 
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has not yet differentiated from the extensor carpi radialis mass 
which is prominently developed in this animal. In the latter 
case, its absence is to be regarded as a primitive feature. The 
independence of the extensor Ion gits pollicis from the main mass 
of the extensor profundus digit orum appears to be an indication 
of the relative mobility of the pollex, but there is no independent 
long flexor for this digit. The pronator teres has no deep head, 
and so resembles the muscle as I have found it in specimens of 
Tupaia It may be noted that Wood- Jones (34) found a deep 
head in a specimen of 1\ ferruginea , but it would appear that 
this is not the usual arrangement. The flexor sublimis sends 
tendons to all four ulnar digits, that to the minimus being joined 
by a small tendon of a flexor brevis i nanus. It thus differs 
slightly from the arrangement in Tupaia , in which the whole of 
the tendon to the minimus is derived from the short flexor. 
Pronator quadratus is well developed. The small sesamoid bone 
developed in the common palmar tendon of flexor profundus 
apparently corresponds to the large bony plaque formed in the 
flexor tendons in the sole of the foot. Jri the palm, the palnwris 
brevis is well developed and the differentiation of the short flexors 
of the pollex aud minimus digits are to be noted. 

In the lower extremity, the following points call for remark. 
No distinct tensor fascia* femorik could be found. I also failed 
to discover this muscle in Tupaia , though Leche (21) describes it in 
T. ferruginea. A strong femorococeygeus is present, and gluteus 
medius ami minimus are well developed, the former being dis- 
tinctly bilaininar. The presence of a distinct piriformis , which 
is also present in Tupaia , offers a contrast to the Lipotyplila in 
which this muscle is said to be absent. The conspicuous 
development of caudofernoralis in this connection must also 
be emphasised. On the other hand, tmuissimus is found 
generally in the Lipotyphla but is absent in the Lemurs. This 
latter muscle, however, representing as it does the femoral 
head of biceps in the higher Prim&tes, is clearly a primitive 
feature* Sariorius is well developed, though it gains no direct 
attachment to the ilium. The pectweus and the full complement 
of the adductor muscles are present. On the extensor aspect of 
the thigh, the relative differentiation of the elements of the 
quadriceps mnfrs should be noted, though no separate subcrureus 
was found. The origin of the extensor longue digitomm from the 
femoral condyle is probably a primitive arrangement. It is also 
found in Tupaia , but is not a lemurine condition, The differen- 
tiation of the peroneal group of muscles is, if anything, more 
marked than it is in Tupaia. The extent of the attachment of 
poplileus to the tibia agrees with that found in Tupaia , a feature 
which, as pointed out by Carlsson, is lemuroid. The formation 
of a tendon for the hallux from the extensor brevis digitomm and 
the differentiation of this part of the muscle to form a distinct 
extensor brevis futthcu is a feature of some considerable interest, 
for it appeals that normally in the Japotyphla such a tendon is 
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not developed. In Ptibcercus this condition is doubtless asso- 
ciated with a comparative freedom of movement of the hallux. 
The jlexor brevis digitorum s'hows a remarkably generalised for- 
mation, each tendon having two well-defined heads of origin. 
The direct attachment of a large part of the origin of this muscle 
to the tuber calcis must also be emphasised. The abductors and 
short flexors of the hallux and minimus digits are all developed. 
Accessorius also forms a bulky muscle. The large plantar sesamoid 
developed in the long flexor tendons in the sole of the foot closely 
resembles that found in Tupaia. So far as 1 can ascertain, the 
only other mammals in which such a sesamoid is developed are 
the Dasypodida? (25) and Noioryctes (30). A small sesamoid 
found in the tendons of origin of the short flexors in Cawolestes 
by Osgood (24) is probably not homologous with that of the 
Tupaiidte. 

In the hyoid region, the digastric muscle may be noted as 
differing from the condition found in Tupaia . In the latter, 
there is a well-developed central tendon connecting together the 
two bellies. In Ptilocercus , however, the two bellies are con- 
nected merely by a thin, oblique, tendinous intersection. This 
is probably a more primitive condition of the muscle. The omo- 
hyoid exhibits a well-marked oblique tendinous intersection 
between its anterior and posterior parts. The styloid muscles 
are all fully developed. 

In the trunk, the psoas minor is conspicuous. The elements 
of the iliopsoas are fully differentiated, and the construction of 
the iliac us is similar to that found in Tupaia. Leche (21) has 
already pointed out the resemblance of the tupaioid arrangement 
to that of Galago. 

The formation of the rectus sheath by the aponeuroses of the 
abdominal muscles substantiates the conclusions of Kaudern. who 
pointed out the lenuirine condition to be found in Tupaia (20). 

General Conclusions. 

Gregory, as a result of a comparative* study of the dentition 
and the skeleton, concluded that, on the whole, Ptilocercus is 
more lemur-like than Tupaia in the characters of its skull and 
dentition, but that, in regard to the post-cranial skeleton, it is 
distinctly less lem urine. lie therefore makes the perfectly 
legitimate suggestion that many of the lenmrine features to be 
found in Tupaia are secondarily associated with arboreal habits 
of life, and thus indicate no real affinity to the Prosimhe. A com- 
plete survey of the anatomy of these animals, however, leads to 
conclusions that are somewhat different. In every part of its 
anatomy, Ptilocercus shows some remarkable contrasts with 
Tupaia . The brain of Ptilocercus is much more primitive and 
macrosmatic in type. The visual regions of the brain are poorly 
developed compared with Tupaia^ while the auditory centres 
are distinctly better developed. With this difference is associated 



1308 


MB. W. E. LE QVm CLAKK ON THE 


a corresponding difference in the development of the peripheral 
sense-organs. It appears that Ptilocercus , which has evidently 
adopted nocturnal habits, shows a tendency to specialise in the 
direction of auditory acuity and has retained a primitive brain 
in which the olfactory regions have undergone relatively little 
reduction. Tupaia , on the other hand, which is a diurnal 

animal, exhibits to a remarkable degree a progressive develop- 
ment of all those anatomical structures which are concerned. in 
the reception of visual stimuli and a corresponding diminution 
of the olfactory apparatus of the brain. In other words, the 
acti\itie« of this animal are related much more closely to visual 
impressions and are less dependent upon the influence of olfactory 
stimuli. Such a condition, the predominant influence of the 
visual sense, is precisely what Elliot Smith has held to be one 
of the fundamental characteristics of the Primate phylum as con- 
trasted with other mammalian groups. It is therefore of addi- 
tional interest to note that in many other wa} r s Tupaia shows a 
greater affinity with the Lemuroidea than does Ptilocercus, e. g., in 
a greater elaboration of the neopallium as a whole, in certain 
features of the postcranial skeleton, in the differentiation of 
certain muscles, in many characters of the male genital system 
and especially the permanent descent of the testes, in the features 
of the liver, in certain details of the vessels in the tympanic 
cavity, in the tongue, in the diminution of the anal scent-glands, 
etc. Tupaia , however, shows some definite specialisations of a 
generic type, e.g in the carpus and tarsus, the teeth, and some 
of the genital glands, and in relation to these, Ptilocercus is at the 
same time more primitive and more lem urine. These points are, 
however, relatively few. Broadly speaking, it may be said that 
Ptilocercus aud Tupaia represent two successive phases in the 
evolutionary development of a lemurid from a primitive, in- 
sectivorous, eutherian mammal. Ptilocercus is a remarkably 
generalised and primitive arboreal mammal. Tupaia exhibits 
many differences from Ptilocercus , and these differences in almost 
every case indicate a closer approach to the Lemuroidea. Such 
conclusions serve to emphasise the truth of the supposition that 
there is a very real affinity between the Tupaiidm and the 
Lemuridfis. 
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EXPLANATION OF THE PLATES. 

Plate I. 

Photographs of the living Ptilocercns. (Photos by Mr. Jee Koo, 

Sarawak Museum.) 

Plate II. 

A. Limb bones of Ptilocercns. X 2. 1. Right Os Jmiommatum. 2. Left 

Scapula. 3. Left Clavicle. 4. Left Femur. 5, Left Humerus. 8. Left 
Tibia. 7. Left Fibula (which has been figured upside down). S. Left Ulna. 
9. Left Radius. 10. Left Tarsus, viewed from the dorsal aspect after 
removal of the astragalus, 11. Left Astragalus viewed from the dorsal 
aspect. (Photo by F. W. Rond.) 

B. Radiograph of the Fes and Manus of Ptilocercns. 

Plate III. 

A. Upper and Lower Teeth of Ptilooerous . X 4 (about). 

JB, Upper and Lower Teeth of Ptilocercns, with exposure of the roots. X 2 (about). 
(Photos by F. W. Bond.) 


Plat* IV. 

Skeleton of Ptilocercns (prepared at the British Museum). Natural siae. 
(Photo by Martin C. Hinton, Esq.) 
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Plats V. 

Microphotographs of sections through the cortical areas of the cerebrum. X 60, 
A. Area Gigantopyramidalis. B. Area Striata. C. Area Frontalis, D. Area 
Parietalis. E. Area Temporalis. The figures refer to Broduiann’s iaminm, 
(Photos by Mi«B Vaughan.) * 
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EXHIBITIONS AND NOTICES. 

October 19th, 1926. 


Sir A. Smith Woodward, F.R.S., Vice-President, 
in tlie Chair. 

The Secretary read the following Report on the Additions to 
the Society’s Menagerie during the months of June, July, August, 
and September, 1926 : — 

June. 

The registered additions to the Society’s Menagerie during 
the month of June were 206 in number. Of these 61 were 
acquired by presentation, 2 were deposited, 122 were purchased, 
6 were received in exchange, and 15 were born in the Menagerie. 

The following may be specially mentioned : — 

A young Californian Sea-Lion ( Otaria Californian a), born in 
the Menagerie on June 13th. 

A Tasmanian Devil ( Sarcophilas harrisi), purchased on 
June 17th. 

A Blacksmith Plover ( Uoplopterns speciosus), a Bronze-winged 
Courser ( Rhvnoptilus chalcopterus ), and two Pied Babblers (Cra- 
ter opus bicolor), from South Africa, new to the Collection, 
purchased on June 3rd. 

A Three- banded Plover (Oxyechus tricollaris), from South 
Africa, presented by Messrs. A. W. Gamage on June 3rd. 

July. 

The registered additions to the Society’s Menagerie during the 
month of July were 247 in number. Of these 141 were 
acquired by presentation, 17 were deposited, 68 were purchased, 
10 were received in exchange, and 11 were born in the Menagerie. 

The following may be specially mentioned : — 

2 young male Giraffes ( Oiraffa Camelopardalis Camelopardalis ), 
a male and female Sudanese Oryx ( Oryx algazel ), 3 Shoebills 
(Balceniceps rex), from the Sudan, purchased from the Sudan 
Government on July 1st. 

A male Chimpanzee (Anthropopithems troglodytes ), from the 
Gold Coast, presented by Arthur Haserick, F.Z.S., on July 26th. 

A Vociferous Sea-Eagle ( Haliaeius rotifer), from South Africa, 
presented by Major Albert Pam, F.Z.S., on July 21st. 

A Coach- Whip Bird ( Psephodes wepitans), from Australia, 
presented by Capt. H. S. Stokes, M.C., F.Z.S., on July 27th. 

Pboo. Zoot, Soc.— 1926, No. LXXXVI. 86 



1312 THE SECRETARY ON ADDITIONS TO THE MENAGERIE. 

A collection of Imperial Scorpions (Pardimus imperator), from 
Gambia, presented by H.E. Capt. Sir Cecil H. Armitage, K.B.E., 
C.M.G., D.S.O., F.Z.8., on July 19th. 

A collection of Land -Crabs (Cardisoma armata ), from Gambia, 
presented by H.E. Oapfc. Sir Cecil H. Armitage, K.B.E., 
O.M.G., D.S.O., F.Z.S., on July 1 9th. 

A Violaceous Plantain -eater ( Musophaga violacea ), from 
Gambia, presented by H.E. Capt. Sir Cecil H. Armitage, K.B.E., 
C.M.G., D.S.O., F.Z.S., on July 28th. 

A large collection of Fishes and other Marine specimens, 
obtained from the coast of Madeira by E. G. Boulenger, Esq., 
F.Z.S. 


August. 

The registered additions to the Society's Menagerie during the* 
month of August were 157 in number. Of these 83 were 
acquired by presentation, 7 were deposited, 27 were purchased, 
1 was received in exchange, and 39 were born in the Menagerie. 

The following may he specially mentioned : — 

A young Hippopotamus ( Hippopotamus amphibim ), horn in the 
Gardens on August 20th. (The last example reared in the 
Gardens was born on November 5th, 1872.) 

1 Lion Cub (Felis leo ), from Kenya Colony, presented by Major 
C. S. Ramsay- Hill, M.C., F.Z.S., on August 14th. 

2 Thick-tailed Opossums (Didslpkys vrassicaudata) , purchased 
on August 13th. 

1 Noble Macaw ( Ara nobilis ), presented by C. H. West on 
August lOtb, 

7 Versicolor Teal ( Qaerqued/ula versicolor ), purchased on 
August 13th. 

2 Brush-Turkeys ( Catheturm lathanii), hatched in the Gardens 
on August 21st. 


September. 

The registered additions to the Society’s Menagerie during the 
month of September were 240 in number. Of these 180 were 
acquired by presentation, 1 was deposited, 25 were purchased, 
1 was received in exchange, and 33 were born xia the Menagerie* 

The following may be specially mentioned ; — 

A Nagor Antelope (Cervicapi'a redunca ), bred in the Menagerie 
on September let. 

A collection of animals, from Gambia, presented by H.E. 
Capt. Sir Cecil H. Armitage, K.B.E., O.M.G., D.S.O., FAB., on 
September 2nd. 

An Aard Vark {Orycieropus <Bthiopipu8) y from Abyssinia, pur- 
chased on September 7th. 
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k young Musk-Ox (Ovibos moschutm) and a Polar Bear 
(Thalaretoa muritimns), from Bust Greenland, presented by the 
Cambridge Bust Greenland Expedition on September 11th. 

A lied Brocket ( Mazama rufa), an Ocelot (Felis parclalis), and 
a Great Aute&ter ( Myrmecophaga tridactyla), from South America, 
presented by Mr. Alexander Muir on September 15th. 


Dr. P. A. Buxton, F.Z.S., exhibited, and made remarks upon, 
apparatus for the Measurement of Radiant Heat in the Tropics. 

Major E. E. Austen, D.S.O., F.Z.S., exhibited, and made 
remarks upon, specimens of (Jhrysomyia chloropyga , Wied, a Fly 
from Salisbury, South Rhodesia, and drew attention to what he 
considered to be an Ancestral habit. 


November 2nd, 1926. 

Prof. E. YV* Mao Bride, F.H.S., Vice President, 
in the Chair. 

Col. S. Monokton Coteman, M.D.. F.R.S., F.Z.S., exhibited, 
and made remarks upon, a nest and eggs of the Black-chinned 
Humming-Bird ( Archilochus alexmidri ), which he had received 
from Dr. W. H, Mills of San Bernardino, California, through 
the courtesy of Dr. W. C. Hanna. The nest had been built on 
a Willow-twig, four feet from the ground. Col. Monekton Cope- 
man also drew attention to two specimens of Cady pie anna f Jand 
9 ), and a third (young \ received from Mr. Donald R. Dickey 
of Pasandina, Californa, and from Mr. Allen Brooks of Okanagan 
Landing, British Columbia. The species shown are the only 
ones, of seven native to California, which are known to have 
hvhridized. Dr. Mills has determined, from continuous per- 
sonal observation, that in the case of Ccdypte anna, the period of 
incubation is fourteen days : and that in about an equal period 
subsequently the young will have left the nest. 


November 16th, 1926. 

Sir Sidney F. Harmek, K.B.E., F.R.S., Vice-President 
in the Chair. 

The Secretary read the following Report on the Additions 
to the Society’s Menagerie during the month of October, 1926: — 

The registered additions to the Society’s Menagerie during the 
month of October were 156 in number. Of these 73 were 
presented, 5 were purchased, 5 were received in exchange, and 
73 were born in the Menagerie. 

The following may be specially mentioned : — 

1 Puma {Felis concolor), 1 Pinche Marmoset (( Fdipomidas 
cedipus), from Colombia, and 2 Peba Armadillos (Tatusia nova- 



1314 


BIONOMICS OF GLOB81NA PALP A 118. 


cmcta), from Venezuela, presented by Lady Richmond Brown, 
F.Z.S., on October 4tb* 

3 Large Anacondas (Eunectes murinus ), from Venezuela, pre 
sented by F, A. Mitcbell-Hedges, F.Z.S., on October 4th. 

1 Javan Chevrofcain (white var.) ( Traguht a jwanicus), from 
Malay, presented by W. L. S. Besapa, on October 8tb. 

1 Brown Tree- Kangaroo (Dendrolagus inustus ), from N.W. 
New Guinea ; 2 De Brun’s Wallabies (Macropus brunii), 1 Greater 
Bird-of- Paradise (Paradism apoda), and 1 King Bird -of- Paradise 
( Cicinnurus regius), from the Aru Islands ; 1 Wallace’s Bird-of- 
Paradise (Semioptem wattatei ), new to the Collection, from 
Batchian Island ; 2 Yellow-throated Hanging Parrakeets (Lori- 
cuius pusillus), no w to the Collection, from Java, and 4 Three- 
coloured Parrot-Finches (Eryth/rura trh'hroa) , from New Guinea, 
presented by J. Spedan Lewis, Esq., F.Z.8.,on October 25th. 


Dr. G. D. Hale Carpenter, F.Z.S., exhibited, and made 
remarks upon, a series of lantern- slides illustrating the bionomics 
of the Tsetse Fly, Glossina palpalis , in connection with Sleeping 
Sickness, and drew especial attention to the food and breeding- 
places, and the effect of climate on the length of life of the fly. 


Proceedings,’ 1926, Part III. (pp. 683-940), was 
published on September 15th, 1926.J 
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| holcoi'hynchus , 946, 957. 

| horkclii, 947, 976. 

hynnicephalus , 946, 902. 

j lenfiginostis, 947, 969. 

1 leucorhynchus , 947, 971. 

leucospilus, sp. n., 947, 966. 

, --- lionotUB,sp. n.,946,961. 

• obttims, 945, 950. 

ocellatus, sp. n., 947, 967, 

peroellens, 947, 974. 

planiceps, 947, 977. 

— product us, 947, 973. 

rasus, 945, 955. 

rhindtatus, 946, 963. 

schlegelii, 946, 959. 

stellio, 047, 972 L 

thouiniam, 945, 951. 

— zaazibarensia, sp. n„ 947, 966. 
Mhinoptilm chaleo pterw (z. s, l.), 1811, 
BhyncMatm, 943. 
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ABSTRACT OF THE PROCEEDINGS 


OF THE 

ZOOLOGICAL SOCIETY OF LONDON* 

June 1st, 1926. 


Sir John Bland SurroN, Bt., F.R.O.S., Vice-President, 
in the Chair. 


The Secretary read a Report on the Additions to the Society’s 
Menagerie during the month of April, 1926. 


Dr. Frank Chapman exhibited, and made remarks upon, a 
series of Lantern slides illustrating the Bird and Mammalian 
Life on the Barro Colorado Island, Panama. 


Mr, A* 8. Lb SouBF, C.M.Z.S., gave an account of some of his 
observations on a The Habits of the Order M&rsupialia.” 

Prof. R. T. Lbiper, M.D., F.R.S., F.Z.S., gave an account, 
illustrated by Lantern-slides, of the two following communica- 
tions f— (1) “The Starling as a Factor in the Spread of Gapewoim 
Disease in Chickens ” ; and (2) u Some Parasites of Rats in the 
Zoological Society’s Gardens.” 


* Abatracfc is published by the Society at its ©Zees, Zoological Gardena, 
i Sark, V'Wm m the Staeaday following the date of Meeting to which 
im he sk»g with the 4 ^roeeediMi,' fm of extra charge, 

n Who wbwribe to the PublieatiQne; tat It may bt obtained on the 
000# As price of Bum »«, or, if deriteft, sent poeMre# for 
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Mr. S. ZtJOEBEMAir, M.A., gave a of his paper on 

“ Growth Changes in the Skull of the Baboon (Pupia pofymus),* 9 

In the absence of the Authors, the following papers were taken 
as read — Stanley Hirst, F.Z.S., “ Descriptions of new Mites, 
including Four new Species of Bed Spider J. H. Power, F.Z.S., 
M Note on the Occurrence of Hybrid Anura at Lobatsi, Bechuana- 
land Protectorate”; H. 0. Wilkie, F.R.C.Y.S., F.R.M.S., F.Z.S., 
“ The Ossicula auditus of the Common Badger {Meles taxus)” 


The next Meeting of the Society for Scientific Business will 
be held on Tuesday, June 15th, 1926, at 5.30 f.m., when the 
following communications will be made' — 

H. Harold Scott, M.D., F.R.C.P., D.P.H., FJS.S. 

A Mycotic Disease of Batrachians. 

Harold G. Jackson, F.Z.S. 

The Morphology of the Isopod Head. 

F. W. Edwards. 

On the Marine Chironomid* {Diptera) ; with Descriptions 
of a new Genus and Four new Species from Samoa. 


P. A. Buxton, F.Z.B. 

The Colonisation of the Sea by the Ohironoraidaa (Diptera) ; 
with an Account of the Habits of a new Genus and Species 
in Samoa. 




0»«u A. Mwartr Hawkbb, M.8c. 

Oo the Massing el the Ladybird, Sippodamia <mmmm 
(Ooleeptem), is the Tosemite YaUejr, 



Maris V, Lbbqub, D,Sc., F.Z.S. 

On some Larval Euphausiides (Crustacea) from the Mediter- 
ranean in the Neighbourhood of Alexandria, Egypt, collected 
by Mr. F. S. Russell. 

D* Bhatia, M.Sc„ F.R.M.S. 

On Three new Species of the Genus Anademw (Mollusca). 


Prof. J. P. Hill, F.R.S., FZ.S,, and Prof. J, Bronte Gatekby, 
D.Sc., Ph.D. 

The Corpus Luteum of the Monotremata. 


The following Papers have been received : — 

Prof. D. M. Fedotov. 

The Plan of Stiuctiue and Systematic Status of Ophiocwta 
(Ecliinodermata) . 

J. R, Norman, F.Z.S. 

A Synopsis of the Rays of tire Family Rhinobatidre, with a 
Revision of the Genus Rhinobatus . 

Dr Jambs Watbrston, F Z.S. 

On the Crop Contents of certain Mallophaga (Insecta), 

Dr. R. Anthony, C.M.Z.S., and G. M. Iliesco. 

Etude sur les Cavit6s nasales des Carnassiers. 

Malcolm A. Smith, M.R.C.S., L.R.C.P., F.Z.S. 

The Function of the “ Funner* Mouth of the Tadpoles of 
Megalopkrys, with a Note on if. aceras Boulenger. 


The Publication Committee desire to call the attention of 
those who propose to offer Papers to the Society, to the great 
increase in the cost of paper and printing. Papers should be 
condensed and be limited so far as possible to the description of 
new results. 






Communications intended fur the Scientific Meetings should 
he addressed to 


P. CHALMERS MITCHELL, 

Secretary. 

Zoological Society of London, 

Regent’s Park, London, N.W. 8. 

June 8 th t 1926. 



So. 878 . 


ABSTRACT OF THE PROCEEDINGS 


OP THE 


ZOOLOGICAL SOCIETY OF LONDON.' 

Jana 15th, 1526. 


Prof E W MacBride, F.R.S., Vice-Piesident, 
in the Chair. 


Thus Secretary read a Report on the Additions to the Society's 
Menagerie during the month of May, 1926. 

The Secretary communicated some notes on a young female 
Chimpanzee presented to the Society by T D. Maxwell, Esq. 

Major S. S. Flower, O.B.E., F.Z.S., exhibited, and made 
remarks upon, models of a White Elephant from Siam. 

Dr. H. H. Scott, F.R.O.P., D.P.H., F.Z.S., gave a rfoumd of 
his paper u A Mycotic Disease of Batracbians." 

Dr. R, J. Tillyard, F.R.S., C.M.Z.S., gave an account of 
44 Some new Orders of Fossil Insects," illustrated by aremarkable 
•ones of lantern-slides. 

Professor Bekry Fairfield Osborn, C.M.Z.S., President of 
the American Museum of Natrnal History, who was present, 
said that he would like to felicitate Dr, Tillyard upon his recent 


* TM» Absfcraetja published by the Society at its offices, Zoological Gardens, 
ftegeafs Park, on the Tuesday following the date of Meeting to which 
It will be iesned, along with the 4 Proceedings,* free of extra charge, 

to allFellows who subscribe to ihePublieafcions, but it rosy he obtained on the 
day of ptiSdtartieo at the pries of tops**, or, if desired, sent post-free for 
tins an* of 0k M&tky* per **wm t payable in sdvanoe. 





researches, and at the same uua to ioi» c < i ^ < \ upon 

the progress it had made since his last visit to London some 
fifteen years ago. 

Mr. Harold J. Jackson, F.Z.S., communicated his paper on 
“ The Morphology of the Isopod Head.” 

Dr. P. A. Buxton, F.Z.S., gave a resume of his paper on “ The 
Colonisation of the Sen by the Cliironomidm (I)iptera),” and of a 
paper by Mr. F. W. Edwards on “ The Marine Ohironomidse 
(Diptera) ; with an Account of the Habits of a new Genus and 
Four new Species from Samoa.” 


Mrs. Onkra A. Merritt Hawkes, M.Sc., communicated her 
paper u On the Massing of the Ladybird, llippodamia convergent 
(Coieoptera), in the Yosemite Valley.” 

In the absence of the Authors, tho following papors were 
taken as read .--Marie V. Lkbour, D.Se., F.Z.S., “ On some 
Larval Euphausiides (Crustacea) from the Mediterranean in the 
Neighbourhood of Alexandria, Egypt, collected by Mr. F S 
Russell ” ; D. Bhatia, M.Sc., F.R.M.S., « On Three new Species 
of the Genus Anctdenus (Mollu&ca) ” j Prof. J. P. Hill, F.R.S. 
F.Z.S., and Prof. J. Bronte Gatendy, D.Sc,, Ph.U., “ The Corpus 
Luteum of the Monotremata,” 


The next Meeting of the Society for Scientific Business will 
be held on Tuesday, October 19th, 1926, at 5.30 r.M. 

A notice stating the Agenda for the Meeting will be circulated 
early in October. 


The following Papets have been received 
P rof, D. M. Fedotov. 

(F^n^maLf trUCtUre ^ Systematic Stft tus of Ophioeteta 
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J, R. Norman, F.Z.8 . 

A Synopsis of the Rays of the Family Rhinobatidre, with 
Revision of the Genus Rhinobatus. 

Dr. James Waterson, F.Z S. 

On the Crop Contents of certain Mallophaga (Insecta). 

Dr. R, Anthony, C.M.Z.S,, and G. M. Iliesco . 

Etude sur les Cavites nasal e a des Carnassiers. 

Maloolm A. Smith, M.R.O.S., L.R.C.P., F.Z.S. 

The Function of the u Funnel ” Mouth of the Tadpoles of 
Megalophrys, with a Note on M . aceras Boulenger. 

G. H, Lockett, B.A., and W. S. Bristowe, B.A. 

Observations on the Mating Habits of some Web-spinning 
Spiders. 

Prof. Julian Huxley, F.Z.S. 

Studies in Heterogonic Growth : the Annual Increment of 
the Antlers of the Red Doer ( Cervns elaphus). 


R, I. Pocock, F E.S., F.Z.S. 

(1) The External Characters of the Patagonian Weasel 
(Lyncodon patagonicus). 

(2) The External Characters of Thylacinus sarcophilus and 
some related Marsupials. 

0. W. Richards, B.A., and G. 0. Robson, M.A., F.Z.S. 

The Land and Freshwater Mollusca of the Scilly Isles and 
West Cornwall 

A. Collection of Papers by the following Authors, dealing with 
the Results of the Cambridge Expedition to the Sue* 
Canal 1924;— H. Munro Fox; E. Heron- Allen and 
A. Earlak p ; M. Burton; Prof. A. Billard ; E. T. 
Browne; Dr. Th. Mortensen; Dr. Hj. Brook; R. Gur- 
set- M. H. Leigh-Sharfe; Prof. W. M. Tattebsall; 
J. Ombr-Cooper; Dr. W. T. Caiman; Dr. A. Bams; 
C D Soar ; C. H. N. Jackson ; J. R. le B. Tomlin ; 
g’. 0.’ Robson ; Miss A. B. Hastings ; S. T. Burfikld ; 
V. o. Robinson; H. Harant; and J. R. Norman. 



The Publication Committee desire to call the attention of 
those who propose to offer Papers to the Society, to the great 
increase in the cost of paper and printing. Papers should be 
condensed and be limited so far as possible to the description of 
new results. 


Communications intended for the Scientific Meetings should 
be addressed to 


P. CHALMERS MITCHELL, 


Zoological Society op London, 
Regent’s Park, London, N.W. 8. 
June 22nd, 1926. 


Secretary 



No. 279. 


ABSTRACT OF THE PROCEEDINGS 


OF THE 


ZOOLOGICAL SOCIETY OF LONDON/ 

October 19th, 1926. 


Sir A. Smith Woodward, F.R.S., Vice-President, 
in the Chair. 


The Secretary read a Report on the Additions made to the 
Society’s Menagerie during the months of Juno, July, August, 
and September, 1926. 

Dr. P. A. Buxton, F.Z.S., exhibited, and made remarks upon, 
apparatus for the Measurement of Radiant Heat in the Tropics. 

Major E. E. Austen, D.S.O., F.Z.S., exhibited, and made 
remarks upon, specimens of Chryaomyta chloropyga , Wied, a Ply 
from Salisbury, South Rhodesia, and drew attention to what he 
considered to be an Ancestral habit. 

Miss Joan B. Procter, F.L.S,, F.Z.S., exhibited, and made 
remarks upon, a white example of the English Grass-Snake. 


# This Abstract is published by the Society at its offices, Zoological Bardens, 
Regents Park, N.W., on the Tuesday following the date of Meeting to which 
it refers. It will be issued, along with the 1 Proceedings,’ free of extra charge, 
to all Fellows who subscribe to the Publications j bat it may be obtained on the 
day of publication at the price of Sixpence, or, if desired, sent post-free for 
the mm of Six Shillings per annum, payable in advance. 
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Prof* Julian Huxley, F.Z.S., gave a rteimt of his paper, 
** Studies in Heterogomc Growth *. the Annual Increment of 
the Antlers of the Red Deer ( Cervue elaphus)” 


Dr. James Waterston, F.Z S., communicated his paper ** On 
the Oiop Contents of ceitain Mallophaga (lnsecta).’’ 

Dr. F. A. Bather, F.Il.S., F.Z.S., communicated a paper 
by Prof. D. M. Fedotov on “ The Plan of Structure and 
Systematic Status of Ophxocista (Eclunodei mata).” 

In the absence of the Authors, the following papers were taken 
as read : — J. R. Norman, F.Z.S., *• A Synopsis of the Rays of 
the Family Rhinobatidee, with a Revision of the Genus lihino~ 
batus ; Dr. R. Anthony, F.Z.S., and G. M. ILiesco, “ J6tude sur 
les Cavites Nasales des Carnassiers.” 


The next Meeting of the Society for Scientific Business will be 
held on Tuesday, November 2nd, 1926, at 5.30 p.m., when the 
following Communications will be made : — 

Col. S. Monoktqn Copeman, M.D., F.R S M FZ.S . 

Exhibition of Photographs of the Nest and Eggs of a 
Californian Humming-Bird. 


Dr, G. M. Ybvebs, F.Z.S. 

Report on a Hippopotamus recently born in the Society’s 
Gardens* 

Hugh B. Cott, B.A., F.Z.S. 

Observations on the Life-Habits of some Batra chians and 
Reptiles from the Lower Amazon ; and a Note on some 
Mammals from Mara j 6 Island. 

W. E. Lb Gaos Clark, F.R.C.S,, F.Z.S* 

On the Anatomy of the Pen-tailed Tree-Shrew (Ptilocercus 
% lowii). 
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M.A., F.Z.S. 

WM^CoratS' 1 FresllWftter Mollusca of &» Scilly Isles and 

Malcolm A. Smite, M.R.Q.S., L.R.C.P., F.Z.S. 

The Function of the “ Funnel ” Mouth of the Tadpoles of 
Megalophrys , with a Note on M, acarus Boulenger* 


The following Papers have been received : — 

11. I. Pocock, F R.S., F.Z.S. 

(1) The External Characters of the Patagonian Weasel 
(Lyncodon patagonicus), 

(2) The External Characters of Thylacinus , Sarcophilus and 
some related Marsupials. 

A Collection of Papers by the following Authors, dealing with 
the Results of the Cambridge Expedition to the Suez 
Canal, 1924: — H. Munro Fox; E. Heron-Allen and 
A. Earland; M. Burton; Prof. A. Hillard; E. T. 
Browne; Dr. Th. Mortensen; Dr. Hj. Brock; It. Gur- 
ney; M. H. Leioh-Sharpe ; Prof. W. M. Tattersall; 
J. Omer- Cooper; Dr. W. T. Calman; Dr. A. Bales; 
C. D. Soar ; C. H. N. Jackson ; J. R. le B. Tomlin ; 
G. C. Robson ; Miss A. B. Hastings ; S. T. Burfield ; 
V. C. Robinson; H. Harant; and J. R. Norman. 

G. H. Locket, B.A., and W. S. Bristowe, B.A. 

Observations on the Mating Habits of some Web-spinning 
Spiders. 

Edith M. Sheppard, M.Sc., F.Z.S. 

Revision of the Family Phreatoicidne (Crustacea) with a 
Description of Two new Species. 

Chi Ping, 

On the Structures of the Hard Palate of Felis tigris . 

H. H. Woollard, M.D, 

The Differentiation of the Retina in the Primates. 

Oldfield Thomas, F.R.S., F.Z.S. 

Th© Delacour Exploration of French Indo-China.— 
Mammals. 
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The Publication Committee desire to call the attention of 
those who propose to offer Papers to the Society, to the great 
increase in the cost of paper and printing. Papers should be 
condensed and be limited so far as possible to the description of 
new results. 


Communications intended for the Scientific Meetings should 
be addressed to 

P. CHALMERS MITCHELL, 

Secretary , Zooh Soc, 

Zoological Society of London, 

Regent’s Park, Tendon, N.W. 8. 

October 2 ^th ) 1926. 



No. 280. 


ABSTRACT OF THE PROCEEDINGS 


OF Tins 


ZOOLOGICAL SOCIETY OF LONDON.* 


November 2nd, 1926. 


Prof. E. W. MacBrtije, F.ll.S., Vice-President, 
in the Chuir. 


Col. S. Monokton Copeman, M.D., F.K.S., F.Z.S., exhibited, 
and made remarks upon, a nest and eggs of the Black-chinned 
Humming- Bin) ( Archilochus alexandri), which he had received 
from Dr. W. H. Mills of San Bernardino, California, through 
the courtesy of Dr. W. C. Hanna. The nest had been built on 
a Willow-twig, four feet from the ground. Col. Monckton Cope- 
man also drew attention to two specimens of Calypte anna ( 6 and 
$ ), and a third (young <$ )» received from Mr. Donald II. Dickey 
of Pasandina, Californa, and from Mr. Allen Brooks of Okanagan 
Landing, British Columbia. The species shown are the only 
ones, of seven native to California, which are known to have 
hybridized. Dr. Mills has determined, from continuous per- 
sonal observation, that in the case of Calypte m, the period of 
incubation is fourteen days : and that in about an equal period 
subsequently the young will have left the nest. 


* This Abstract is published by the Society at its offices, Zoological Gardens, 
Regent's Park, N.W., on the Tuesday following the date of Meeting to which 
it refers. It will be issued, along with the • Proceedings,* free of extra charge, 
to all Fellows who subscribe to the Publications ; but it may be obtained on the 
day of publication at the price of Sixpence, or, if desired, sent post-free for 
the star* of Six Shilling* per annum, payable in advance. 



Dr. G. M. Vbfers, F.Z.S., communicated a report on a 
Hippotamus (ff. amphibius) recently born in the Society’s 
Gardens. 

Mr. Hugh B. Oott, B.A., F.Z.S,, give a r&tml o! his “ Obser- 
vations on the Life-Habits of some Batrachians and Reptiles 
from the Lower Amazon ; and a Note on some Mammals from 
Maraj6 Island. 

Dr, W. E. Lb Gros Clare, F.R.C.S., F.Z.S., communicated his 
paper on “The Anatomy of the Pen-tailed Tree-Shrew (Ptilocercus 
lowii y 

Dr. Malcolm A. Smith, M.R.C.S., L.R.C.P., F.Z.S., communi- 
cated his paper on “ The Function of the * Funnel ’ Mouth 
of the Tadpoles of Megalophrys , with a Note on if, aceraB 
Boulenger” 

Mr. G. C. Robson, M.A., F.Z.S., gave a remm$ of his paper 
with Mr. O. W, Richards, B.A., on “ The Land and Freshwater 
Mollusca of the Beil ly Isles and West Cornwall.” 


The next Meeting of the Society for Scientific Business will be 
held on Tuesday, November 1 6th, at 5.30 p.m*, when the following 
Communications will be made : — 

Dr. G. D. Halb Carpenter, F.Z.S. 

The Biology of Qlomna palpalis in connection with Sleeping 
Sickness. 

R. I. Pooock, F.R.S., F.Z.S , 

(1) The External Characters of the Patagonian Weasel 
( Lyncodon patagonicus). 

(2) The ExternahCharaeters of Thyltmnus , Sarcophtim and 
some related Marsupials. 

H. Monro Foe, M.A. 

General Report on the Cambridge Expedition to the Suez 
Canal, 1024. 
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SliLjggggra, B»A., and W. B. Bristowe, B.A . 

Observations on the Mating Habits of some Web-spinning 
Spiders. 


The following Papers have been received : — 

Edith M. Sheppard, M.Sc., F.Z.S. 

Revision of the Family Phreatoicidae (Crustacea) with a 
Description of Two new Species. 

Chi Ping. 

On the Structures of the Hard Palate of Felis tigris, 

H. H. Woollard, M.D. 

The Differentiation of the Retina in the Primates. 


Oldfield Thomas, F.R S„ F.Z.S. 

The Delacour Exploration of French Indo-China, — 
Mammals. 

Robert Gurney, M.A., F.Z.S. 

Some Australian Fresh-water Entomostraca reared from 
Dried Mud. 


Major S. S. Flower, Q.B.E., F.L.S., F.Z.S. 

Loss of Memory accompanying Metamorphosis in Am- 
phibians, 


The Publication Committee desire to call the attention of 
those who propose to offer Papers to the Society, to the great 
increase in the cost of paper and printing. Papers should be 
condensed and be limited so far as possible to the description of 
new results. 
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Communications intended for the Scientific Meetings should 
be addi eased to 

P. CHALMERS MITCHELL, 

Secniary, Zool. Sac , 

Zoological Society of London, 

Rbgeni’s Park, London, N.W. 8. 

November 9 th, 1926. 



No. 281. 


ABSTRACT OF THIS PROCEEDINGS 

OF THE 

ZOOLOGICAL SOCIETY OF LONDON* 

November 10th, 1020. 


Sir Sidney F. Harder, K.B.E., F.R.S., Vice-President, 
in the Chair. 


The Secretary read a Report on the Additions made to the 
Society's Menagerie during the mouth of October, 1926. 


J>r. G. D. Hale Carpenter, F.Z.S., exhibited, and made 
remaiks upon, a series of lantern -slides illustrating the bionomics 
of Olossina patyxdi s in connection with Sleeping Sickness, and 
drew especial attention to the food and breeding-places, and the 
effect of climate on the length of life of the fly. 


Mr, R, 1. Pocock, F.R.8., F.Z.S., gave a resume of his papers 
on (1) “The External Characters of the Patagonian Weasel 
(Lyncodon patagonicus)” and (2) “The External Characters of 
Thylaotnus , Sarcophilus , and some related Marsupials.” 


Mr, H. Munro Fox, M.A., communicated bis “ General Report 
on the Cambridge Expedition to the Suez Canal, 1924.” 


* This Abstract is published by the Society at its offices, Zoological Gardens, 
Regent's Park, N.W., on the Tuesday following the date of Meeting to which 
it refers. It will be issued, along with the 4 Proceedings/ free of extra charge, 
to all Fellows who subscribe to the Publications ; but it may be obtained on the 
day of publication at the price of Sixpmce, or, if desired, sent post-free for 
the sum of Six Shifting* per annum, payable in advance. 




I. A. B. L 70. 




